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Monday^  %th  December  1880. 

The  Right  Hon.  Lord  Moncreiff  of  Tulliebole,  LL.D.,  Presi- 
dent, occupied  the  Chair,  and  opened  the  Session  with  an 
Introductory  Address  on  the  Eise  of  the  Constitutional 
Idea.*  Bishop  Cotterill  proposed  that  the  Society  record 
a  vote  of  thanks  to  the  President,  which  was  agreed  to. 

The  f oUowing  Communications  were  read  :— 

1.  On  the  Structure  of  Eupleddla.    By  Dr  F.  E.  Schiiltze. 
Communicated  by  Sir  Wyville  Tliomson. 

2.  On  EquidifTerent  Multiples  of  Irrational  Quantities. 

By  Mr  K  Sang. 

Oar  attention,  naturally^  is  most  drawn  to  the  difficult  parts  of 
an  inquiry;  the  easier  steps  are  apt  to  be  overlooked.  Thus,  while 
much  attention  and  deep  thought  have  been  bestowed  on  the  solu- 
tion of  equations,  on  the  computation  of  logarithms,  on  the  con- 
struction of  astronomical  canons;  such  a  simple  process  as  the 
repeated  addition  of  some  known  quantity,  has  not  been  considered 
worthy  of  the  notice  of  arithmeticians.  Yet  the  tables  constructed 
by  help  of  this  process  are  much  more  numerous,  and  are  as 
important  as  the  others,  often  indeed  serving  as  their  foundation. 

The  case  when  the  quantity  to  be  added  is  expressed  accurately 
in  numbers,  needs  no  remark;  but  when  that  quantity  is  represented 
only  approximately,  we  have  tq  consider  the  accumulation  of  that 
part  which  is  unavoidably  left 'off,  and  to  see  that  this  does  not 
lead  to  an  error  of  so  much  as  the  half  of  unit  in  the  last  place 
that  is  to  be  retained. 

The  obvious  and  indeed  the  common  plan  is  to  carry  the  scroll 
calculations  to  several  places  beyond  what  are  to  be  preserved,  and 
to  rewrite  the  whole  leaving  off  the  surplus  figures,  only  taking  care 
to  augment  the  kst  figure  whenever  those  to  be  rejected  exceed 
5000  .  .  .  «  .  Or,  if  the  scroll  calculation  be  put  in  the  compositor's 
hands,  to  trust  to  his  care  and  to  that  of  the  reader,  in  making  the 
requisite  augmentations. 

*  Tho  first  part  of  the  Prenidenfs  Opening  Address  will  be  given  along  with 
the  second  juirt. 
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ThnSy  let  it  be  proposed  to  construct  a  table  of  the  Sun's  mean 
daily  motion  in  longitude,  true  to  the  nearest  hundredth  part  of  a 
second  of  the  modem  division.  Taking  the  length  of  the  equinoctial 
jear  as  365*242217  mean  solar  dojs,  the  motion  in  one  day  is 
1'  09'  51"  63'"  6513585  or,  as  is  far  within  the  accuracy  of  our 
knowledge, 

V  09'  51"  63"'  65136. 

We  should  then  write  this  number  on  the  lower  edge  of  a  card, 
and  make  the  successiye  additions  as  under : — 


1 

1 

09 

51 

68 

65136 

2 

2 

19 

08 

27 

80272 

8 

8 

28 

54 

90 

95408 

4 

4 

88 

06 

54 

60544 

5 

5 

47 

58 

18 

25680 

6 

« 

57 

09 

81 

90816 

7 

7 

66 

61 

45 

55952 

8 

8 

76 

18 

09 

21088 

9 

9 

85 

64 

72 

86224 

10 

10 

95 

16 

86 

51360 

Kpaiating  the  redundant  figures  by  a  line,  and  afterwards  making 
^  requisite  augmentations. 

In  order  to  lessen  the  labour  of  such  work,  1  have  for  many 
years  used  two  simple  artifices,  and  find  among  my  papers  that 
these  were  applied  in  1845  to  the  formation  of  tables  of  the 
eijoivalent  values  of  solar  and  sidereal  tim& 

The  first  of  these  artifices  is  to  augment  the  initial  value  by 
'50000;  by  this  means  the  requisite  augmentations  are  made 
thronghout,  and  we  have  only  to  reject  the  surplus  figures ;  or,  if 
these  have  been  written  on  a  slip  of  paper  placed  alongside,  to 
remove  that  slip : — thus 


days. 

1 

1 

II 

III 

0 

0 

00 

00 

00 

50000 

1 

1 

09 

51 

64 

15186 

2 

2 

19 

08 

27 

80272 

8 

8 

28 

54 

91 

45408 

4 

4 

88 

06 

55 

10544 

5 

5 

47 

58 

18 

75680 

6 

6 

57 

09 

82 

40816 

7 

7 

66 

61 

46 

05952 

8 

8 

76 

13 

09 

71088 

9 

9 

85 

64 

78 

86224 

10 

10 

95 

16 

87 

01860 
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The  second  artifice  ia  founded  on  the  well-known  properties  of 
chain-fractions. 

When  we  use  Lord  Brouncker's  process  in  approximating  to  the 
yalne  of  an  irrational  quantity,  we  obtain  a  series  of  fractions 
alternately  too  great  and  too  small,  having  this  property  that  the 
difference  between  two  contiguous  members  of  the  series  is  a 
fraction  having  unit  for  its  numerator,  and  for  its  denominator 
the  product  of  the  two  denominators.  Hence  it  follows,  that  the 
error  of  the  last  obtained  fraction  is  much  less  than  unit  divided 
by  the  sqUare  of  its  denominator ;  and  thus  a  Brounckerian  fraction 
having  only  three  figures  in  its  denominator  will  give  as  much 
precision  as  a  decimal  fraction  of  five  places. 

On  treating  the  above  residue  *6513585  by  Brouncker's  method 
we  get  the  fraction  y^T^,  of  which  the  value  is  '65135834 ;  hence 
if  we  use  the  addend  1  09  51  63  j^,  beginning  with  00  y^^,  we 
shall  obtain  the  required  table  on  merely  rejecting  the  fractions. 

We  also  avoid  the  need  for  writing  the  denominator  by  placing 
on  the  lower  edge  of  the  card  the  equivalent  expressions : — 


tt        m 


1 

09 

51 

68  +  1007 

and 

1 

09 

51 

64  - 

-   589 

0 

0 

00 

00 

00 

778 

1 

1 

09 

51 

64 

284 

2 

2 

19 

03 

27 

1241 

8 

8 

2» 

54 

91 

702 

4 

4 

88 

06 

55 

168 

5 

5 

47 

58 

18 

1170 

« 

6 

67 

09 

82 

681 

7 

7 

«« 

61 

46 

92 

8 

8 

76 

18 

09 

1099 

9 

9 

85 

64 

78 

560 

10 

10 

95 

16 

87 

21 

thus 


Here  we  observe  that  for  the  773d  day  the  fractional  remainder 
will  be  0,  and  that,  therefore,  we  are  in  doubt  whether  to  write 
03'"  •  0  or  02'"  1546.  From  the  rank  of  the  fraction  in  the 
Brounckerian  series  we  perceive  that  it  is  in  defect ;  wherefore  we 
choose  the  former  of  the  two.  The  same  thing  will  recur  at  the 
2319th  day.  Had  the  fraction  been  in  excess,  we  should  have 
written  02"  with  1546  over. 

When  the  denominator  of  the  approximate  fraction  is  small,  the 
same  series  of  remainders  may  recur  often  during  the  work.     In 
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thAt  case  it  is  conyement  to  write  them  on  a  joined  ribbon  of  paper, 
which  may  be  passed  over  ai}d  under  the  page  on  which  we  are 
working;  in  this  way  the  repeated  writing  of  the  remainders  is 
saved  The  saving  thereby  is  considerable ;  thus  in  the  computa- 
tion of  the  tables  for  converting  solar  into  sidereal  time,  and 
conyenely,  the  writing  of  eighty-six  thousand  figures  was  spared. 

Hie  above  example  sufficiently  explains  the  principles  and  the 
application  of  the  artifice. 

3.  Algebra  of  Eelationship. — Part  11.     By  A.  Macfarlane, 

M.A.,  D.Sc,  F.E.S.E. 

(Received  October  19,  read  December  6, 1880.) 

At  the  end  of  my  previous  paper  on  the  Algebra  of  Relationship 
(Proc.  Roy.  Soc  Edinb.,  vol.  x.  p.  224),  I  promised  to  return 
to  the  investigation  of  the  subject,  as  it  seemed  capable  of  further 
extension.  This  anticipation  has  proved  correct,  and  I  have  now 
the  honour  of  bringing  before  the  Society  the  further  developments 
I  have  made. 

In  this  investigation  we  consider  a  particular  class  of  objects,  and 
that  class  is  in  its  widest  extent  mankind^  by  which  term  I  mean 
the  entire  number  of  men  who  have  existed,  exist,  or  will  exist. 
The  universal  properties  of  the  symbols  are  deduced  from  the 
unlTersal  properties  of  mankind.  In  our  consideration  of  this 
universe  of  mankind,  we  restrict  our  attention  to  the  classes  into 
which  it  is  divided  by  qualities  depending  on  ties  of  anterior  or  of 
posterior  relationship,  that  is,  of  consanguinity  or  of  affinity. 

The  italic  capitals  il,  B,  (7,  &c,  are  used  to  denote  the  names 
(rfthe  individuals  within  this  universe.  They  are  singular  terms,  or, 
in  other  words,  selective  symbols  which  operating  within  or  upon 
Vf  select  each  only  one  individual     They  are  subject  to  the  laws 

A^B  =  B^-A; 

and  AB  =  0,  unless  B  =  A; 

where  the  sign  »»  means  identical  with. 

In  my  previous  paper,  I  based  the  investigation  on  four  funda- 
mental symbols  $^  d,  <r,  8,  denoting  respectively  sons  of  a  man^ 
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dattghters  of  a  man,  sons  of  a  woman,  and  daughters  of  a  woman* 
For  example,  bA  was  used  to  denote  the  sons  of  the  man  A,    Thus  the 
symbol  sA  selects  a  portion  of  the  universe  of  mankind,  and  that 
portion  embraces  no,  one,  or  more  than  one  individual    We  have  seea 
that  the  symbol  A  is  also  selective,  but  embracing  only  one  individual 
The  symbol  a  is  different ;  it  may  be  considered  as  indicating  to  the 
mind  to  pass  from  A  to  sA.     It  is  convenient  to  have  words  to 
expi-ess  the  relations  of  these  symbols  to  one  another.      The  ex- 
pression sA  may  be  called  a  term,  A  the  origin  of  the  term,  and  a 
the  relationship  of  the  term.     In  this  paper  I  proceed  mainly  by 
means  of  the  two  more  general  fundamental  relationships  c  and  y, 
where  c  denotes  the  children  of  a  man,  and  y  the  cfiUdren  of  a 
woman. 

Let  cA'bB-¥C-^D,  This  statement  is  a  logical  equation;  it 
asserts  that  the  children  of  the  man  il  are  ^  and  C  and  D,  and  only 
these.  Let  cA>B'\-C+D,  This  statement  is  a  logical  inequation ; 
it  asserts  that  the  children  of  the  man  A  include  B  and  C  and 
D.  Let  cA<B+C+D,  This  statement  is  a  logical  inequation ;  it 
asserts  that  the  children  of  the  man  A  are  included  in  B  and  C 
and  2>. 

What  is  the  proper  meaning  of  -A  and  -A  ?      The  term  -A 

means  the  father  of  the  person  A,  It  is  a  singular  term  by  reason 
of  physiological  laws  which  apply  to  mankind.  There  are  other 
functional  symbols,  whose  reciprocals  may  form  plural  terms ;  for 

example,  let  eA  denote  the  employ te  of  A,  then  -B  may  denote 

the  employers  of  B, 

The  meaning  of  ccA  follows  from  the  meaning  we  have  attached 
to  cA.  It  means  the  children  of  the  sons  of  the  man  A,  Similarly 
the  terms  ycA,  cyB,  yyB  denote  respectively  the  children  of  the 
daughters  of  the  man  A,  the  children  of  the  sons  of  the  woman  B, 
and  the  children  of  the  daughters  of  the  woman  B,  The  symbol  c 
operating  on  cA,  directs  us  first  to  select  the  male  children  of  A, 
and  then  to  take  the  children  of  each  of  these.  Similarly  y,  opera- 
ting on  cA,  directs  us  first  to  select  the  female  children  of  A,  and 
then  to  take  their  children.  Thus  the  symbols  c  and  y,  in  so  far  as 
they  are  selective  in  their  operation,  partake  of  the  natme  of  the 
quaternion  symbols  ^8^  and  V. 
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The  relationship  ce  may  be  denoted  without  ambiguity  by  c', 

and  -  by  c~^  ;  and  generally  an  index  may  be  used  to  denote  the 

c 

nnmber  of  times  c  or  y  is  repeated,  whether  directly  or  inversely. 

The  meaning  of  each  of  the  permutations  of  the  four  symbals  c,  y, 

('\  y~^  two  together,  with  one  another,  and  with  themselves,  is  given 

in  Table  XL  (p.  1 2.)    In  the  first  row  we  have  the  different  species  of 

grandchildren.    In  the  second  row  we  have  c^~^A  and  y^"^^,  which 

denote  respectively  the  children  of  the  father  of  A,  and  the  children 

of  the  mother  of  A  ;  hence  the  two  species  of  brothers  and  sisters, 

tile  origin  being  included  as  a  special  case.    We  have  also  cy~^A  and 

yc'%  which  denote  the  children  by  male  descent  of  the  mother  of 

A,  and  the  children  by  female  descent  of  the  father  of  A  ;  each  of 

which  must  always  have  the  value  0,  on  account  of  the  monoecious 

nature  of  mankind.     Any  term  in  which  either  cy"^  or  yc'^  occurs 

whether  singly  or  in  combination  has  the  value  0,  on  account  of  the 

morphological  law  referred  to.     In  the  third  row  we  have  c'^'^^A 

and  y'^'^^Bf  which  denote  respectively  the  father  of  the  children  of 

tile  man  A,  and  the  mother  of  the  children  of  the  woman  B  ;  they 

are  therefore  equivalent  to  A  and  to  B,    Of  the  other  two  terms  e~  ^yB 

denotes  the  fathers  of  the  children  of  the  woman  B,  and  y~^cA  denotes 

the  mothers  of  the  children  of  the  man  A.     Thus  the  terms  of  this 

row  break  up  into  two  groups  denoted  respectively  by  consorts  and 

9d/.    The  terms  belonging  to  the  latter  group  are  enclosed.    In  the 

fourth  row  we  have  the  expressions  for  the  grandparents. 

In  Table  III.  I  have  written  out  all  the  terms  which  are  expressed 
by  three  symbols,  omitting  those  which  are  null  from  containing 
ey~^  or  ye'\  The  terms  in  the  first  row  are  the  terms  of  the  ex- 
pansion of  (c  +  y)^ ;  those  in  the  second  row  of  (c  +  y)*-^  f  -  +  -  j ;  those 

in  the  third  of  (c  +  y)  (-  +  -)  (c  +  y),  and  so  on.     The  method  of 

deriving  the  terms  is  evidently  exhaustive,  and  it  supplies  us  not 
only  with  a  means  of  denoting  all  possible  relationships,  but  also  of 
classifying  them  in  a  scientific  manner.  It  will  be  convenient  to 
have  words  to  denote  the  different  classes  and  sub-classes,  and  for 
this  purpose  I  propose  to  employ  the  classificatory  terms — Order, 
Genus,  Species,  Variety.  By  the  order  of  a  relationship  I  mean 
the  nnmber  of  symbols  required  to  express  it ;  for  example,  those  of 
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Table  Ifl.  axe  all  of  the  third  onler.  The  classes  in  one  row  may 
be  said  to  form  one  ffenus,  and  each  class  itself  to  be  a  species.  Let 
c  and  y  be  considered  equivalent,  then  the  index  of  each  tem^  in  one 
row  is  the  same  ;  this  is  the  generic  property.  The  specific  property 
depends  on  the  differonces  expressed  by  c  and  y.  The  varieties  of 
a  species  aro  obtained  by  introducing  the  distinction  of  gender  at 
any  place  where  the  form  of  expression  for  the  species  has  left  it 
unrestricted.  For  example,  c^A  admits  of  two  varieties,  namely 
sc^A  and  dc^A — the  sons  of  the  sons  of  the  sons  of  A,  and  the 
daughters  of  the  sons  of  the  sons  of  A. 

The  notions  for  the  different  genera  of  the  third  order  aro  exhibited 
in  the  side  column.  That  for  the  first  genus  is  great  grandchildren; 
that  for  the  second  is,  in  its  widest  extent,  grandchildren  of  parents^ 
but  if  the  cases  in  which  the  species  reduce  to  species  of  the  first 
order  be  removed,  then  the  genus-notion  is  that  of  nephews  and 
nieces.  The  notion  of  the  third  genus  is  children  of  parents  of 
children.  The  enclosed  species,  which  are  aflfected  by  containing 
g-i+i  Qp  -y-i+i  express  only  children;  the  other  species  express  «fe?p- 
children  or  children.     Similarly  for  the  other  genera. 

Another  notion  useful  to  consider  and  for  which  a  name  is  required, 
is  the  number  of  generations  between  the  individuals  represented  by 
a  term  and  the  origin  of  the  term.  For  example,  in  c^A  the 
individuals  represented  by  (^A  are  removed  by  three  generations 
from  il ;  in  c*"*i4  by  only  one  generation.  This  number  may  be 
called  the  interval  of  the  relationship.  It  is  the  sum  of  the  indices 
of  the  term,  and  is  constant  for  all  the  species  of  one  genus. 

Relationships  may  also  be  classified  according  to  the  direct  or 
inverse  form  of  the  first  symbol,  and  the  subsequent  number  of 
changes  from  the  one  to  the  other.  For  instance,  in  c^~^A  we  have 
the  first  symbol  direct,  and  only  one  subsequent  changa  Hero  A 
and  the  individuals  represented  by  the  term,  have  a  common 
ancestor;  in  c~^'^*A  they  have  a  common  descendanL  In  the 
expressions  for  the  relationships,  let  c  and  y  be  considered 
equivalent,  and  the  indices  summed  in  accordance;  then  by 
neglecting  the  numbers  but  retaining  the  signs  of  the  index,  we 
shall  obtain  an  expression  for  the  quality  we  are  considering,  which 
may  be  called  the  sigii  of  the  relationship.  The  sign  may  begin 
with  either  +  or  - ,  and  may  end  with  either,  but  it  ,must  have 
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them  in  alternate  succession.  The  sign  of  eye  is  +,  of  c^'^  +  -  , 
oief'^c'^  +  -,  of  c'^^'h  -  +  -  +,  and  so  on.  The  term 
decree  maj  be  used  to  denote  the  number  of  pluses  and  minuses  in 
a  sign,  and  positive  to  denote  that  the  sign  begins  with  +  and 
negative  to  denote  that  it  begins  with  minus. 

Relationship  terms,  inasmuch  as  they  select  a  number  of  individuals 
^m  the  universe  of  mankind  in  such  a  way  that  the  same  individual 
u  selected  only  once,  are  qualitative  symbols  of  the  kind  first  dis- 
cussed by  Boole,  and  which  I  have  treated  of  in  my  book  on  the 
"Algebra  of  L(^ic."  They  are  therefore  subject  to  the  laws  and  pro- 
cesses of  that  Algebra. 

That  Algebra  supplies  us  with  the  mode  of  formation  of  a  com- 
poond  term.  Suppose  that  Cil  and  yB  have  some  members  in 
common;  these  are  classed  together  by  the  expression  cAyB,  where 
cA  and  yB  stand  to  each  other  in  the  relation  of  simultaneous 
multiplication,  a  relation  quite  different  from  that  existing  between 
c  and  i(  in  cA,  We  may  have  compound  terms  of  any  degree  of 
complexity,  and  the  word  degree  may  be  used  as  meaning  the 
number  of  simple  terms  in  a  compound  term.  The  number  of 
ongios  in  a  compound  term  is  the  same  as  the  degree,  but  some  of 
them  may  be  coincident  The  different  compound  terms  of  the 
second  degree,  each  simple  term  being  of  the  first  order,  are  the 
following : — 


cBcA 

cByA 

yBcA 

yByA 

cBc-'A 

cBy-'A 

yBc-^A 

yBy-'A 

c-^BeA 

c-'ByA 

y-'BcA 

y-  ^ByA 

c'Bc-'A 

C'By'^A 

y-'Bc'^A 

y-'By-' 

The  permutations  cByA  and  yBcA  are  not  different  in  form;  for 
the  order  of  the  components  in  a  compound  term  is  inessential  In 
the  case  of  the  extremes  of  the  first  row,  the  origins  B  and  A  must 
^  identical,  else  the  terms  are  null.  In  the  case  of  the  middle 
terms  of  that  row  the  origins  must  be  different,  and  different  in  sex. 
lo  the  case  of  the  terms  of  the  second  and  third  rows,  the  origins 
must  be  different.  In  the  fourth  row  the  extreme  terms  may  have 
origms  the  same  or  different,  and  the  middle  terms  never  exist. 

Thus  certain  compound  terms  are  non-existent  on  account  of 
natural  laws ;  there  are  others  which  are  non-existent,  where  certain 
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moral  laws  are  observed.  For  example,  cAyc^'^^A  and  cAy^'^A  are 
necessarily  non-existent  where  the  Christian  laws  of  marriage  are 
observed. 

As  an  example  of  the  manner  in  which  the  notation  of  this  paper 
may  be  used,  I  shall  employ  it  to  find  the  different  compound 
genera  species  and  varieties  of  the  term  coiisin.  The  word  cousin 
in  its  general  sense  means  any  relationship  of  the  sign  m  -  n  where 
m  and  n  is  each  not  less  than  2.  When  both  of  them  are  two,  we 
have  the  relationship  cousin  in  its  strictest  sense ;  when  both  are 
3  we  have  second  cousin,  and  I  suppose  that  2-3  and  3-2  have 
to  be  expressed  by  means  of  the  same  phrase.  But  by  putting  in 
the  particular  numbers  for  m  and  n,  we  obtain  a  simple  and  perfect 
means  of  specifying  all  the  possible  elementary  forms  of  the  notion. 
I  shall  restrict  the  elementary  form  of  the  word  to  the  form  2-2, 
which  coincides  with  the  fourth  genus  of  the  fourth  order  of  re- 
lationships (the  notion  of  which  is  grandchildren  of  grandparents), 
provided  we  exclude  all  the  instances  in  which  that  genus  reduces 
to  genera  of  a  lower  order. 

The  different  species  are, 

and  suppose  them  numbered  consecutively  from  left  to  right.  The 
different  combinations  of  these  species  two  together  form  the  com- 
pound genus  of  the  second  degree,  llie  number  of  species  in  this 
compound  genus  is  28,  but  certain  of  them  do  not  exist  on  account 
of  the  moral  laws 

c-2>!c-yM  =  0  and  y'^c-'^Ay-^A^O, 

or  their  equivalent  forms, 

ycAc^A  =  0,  and  -/AcyA  =  0. 

The  non-existent  species  are  12,  15,  26,  34,  37,  48,  56,  78.  There 
are  20  left.  The  number  of  species  in  the  compound  genus  of  the 
third  degree  is  naturally  56,  but  by  the  above  laws  it  is  reduced  to 
16,  For  that  of  the  fourth  degree  the  numbers  are  70  and  4  re- 
spectively. The  four  are  1368,  1467,  2368,  2457,  each  of  which 
represents  what  ought  to  be  meant  by  the  phrase  a  full  cousin;  for 
all  the  higher  compound  genera  are  non-existent  Each  species  of 
each  of  these  compound  genera  may  contain  four  varieties ;  for  the 
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individuals  of  the  term  may  be  male  or  female,  aud  the  origin  of 
the  term  may  be  male  or  female.  Thus  the  word  coimn,  restricted 
to  mean  having  one  or  more  common  ancestors  two  generations  back 
on  either  side,  may  have  any  one  of  48  significations  when  it  ex- 
presses a  relationship  between  two  persons  each  of  given  sex ;  and 
vben  the  sex  of  neither  is  given  it  may  have  any  one  of  192 
significations. 

The  method  of  this  paper  gives  us  a  scientific  classification  of  a 
nuui's  feminine  relations,  which  is  of  special  interest  at  the  present 
time,  when  the  laws  of  marriage  are  under  consideration.  He  is 
excluded  by  the  table  of  degrees  from  marrying  any  one  belonging 
to  the  classes  marked  with  an  asterisk. 

OllDIS 

I.  Gen.  1,  Daughter';  2,  Mother*. 

n.    ,,     1,  Granddaughter;  2,  Sister*;  3,  Wife;  4,  Grandmother*. 
HI.     ,,     1,  Great-granddaughter*;  2,  Niece*;  3,  Stepdaughter*;   4.  Aunt 

(by  consanguinity*) ;  3,  Wife  of  son* ;  6,  Stepmother* ;   7, 

Mother  of  wife* ;  8,  Great-grandmother. 

IV.  „     1,  Great-great-granddaughter  ;  2,  Great-granddaughter  of  parent ; 

3,  Daughter  of  step-child* ;  4,  Cousin  ;  5,  Daughter  of  child- 
in-law ;  6,  Daughter  of  step-parent ;  7,  Sister  of  wife* ;  8, 
Daughter  of  great-grandparent ;  9,  Wife  of  grandson* ;  10, 
Wife  of  brother* ;  11,  (Necessarily  masculine) ;  12,  Step- 
grandmother*  ;  13,  Grandmother  of  grandchild ;  14,  Mother 
of  step-parent ;  15,  Grandmother  of  wife* ;  16,  Great-great- 
grandmother. 

V.  „     1.  Great-great-great-granddaughter  ;  2,  Granddaughter  of  nephew 

or  niece ;  3,  Great-granddaughter  of  wife ;  4,  Daughter  of 
cousin ;  5,  Granddaughter  of  consort  of  child  ;  6,  Grand- 
daughter of  consort  of  parent ;  7,  Niece  of  wife*  ;  8,  Niece  of 
grandparent ;  9,  Daughter  of  consort  of  grandchild ;  10, 
Daughter  of  consort  of  brother  or  sister ;  11,  Daughter  of 
husband  of  wife ;  12,  Daughter  of  consort  of  grandparent ; 
13,  Sister  of  consort  of  child  ;  14,  Sister  of  consort  of  parent ; 
15,  Aunt  of  ¥rife*;  16,  Aunt  of  grandparent;  17,  Wife  of 
great-grandson  ;  18,  Wife  of  nephew*  ;  19,  Wife  of  stepson  ; 
20,  Wife  of  uncle*  ;  21,  Wife  of  husband  of  daughter ;  22, 
Wife  of  husband  of  mother  ;  23,  Wife  of  father  of  wife  ;  24, 
Wife  of  great-grandfather ;  25,  Mother  of  consort  of  grand- 
child ;  26,  Mother  of  consort  of  brother  or  sister  ;  27,  Mother 
of  husband  of  wife  ;  28,  Mother  of  consort  of  grandparent ; 
29,  Grandmother  of  consort  of  child ;  30,  Grandmother  of 
consort  of  parent ;  81,  Great-grandmother  of  wife ;  32,  Great- 
great-great-grandmother. 

I  have  to  express  ray  obligations  to  Professor  Jevons'  "  Principles 
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of  Science"  for  references  to  the  papers  on  the  Logic  of  Relation  by 
Peirce,  De  Morgan,  Ellis,  and  Harley.  The  J)hilo8ophers  mentioned 
discuss  relation  in  general;  I  have  restricted  myself  to  the  more 
definite  subject  of  relation  of  men  by  consanguinity  or  affinity. 


TabTiK  L- 

-Relationships  of  the  First  Order, 

Childrcn,   . 

•                        m 

C                          y 

Cliildren         Children 
of  a  man.      of  a  woman. 

Parents,     . 

•                         • 

1                      1 
c                     y 

Father           Mother 
of  a  i)er8on.    of  a  person. 

Table  II. — Relatiotiships  of  the  Second  Order. 


Grandchildren,  . 

c« 

cy 

yc 

7* 

Children 

of  sons  of 

a  man. 

Children 

of  sons  of  a 

woman. 

Children 

of  daughters 

of  a  mau. 

Children 
of  daughters 
of  a  woman. 

Children    of    parents 
(Brothers  and  sbters). 

(J-» 

C7-' 

yc-i 

y-i 

.Children 

of  the 
father  of. 

-0. 

-0. 

Children 

of  the 
mother  of. 

Parents    of    children  \ 
(Consorts — self.)      ) 

c-i+i 

e-'7 

y-^C 

^-1+1 

-1. 

Fathers 

of  the 

children  of 

Mothers 

of  the 

children  of 

-1. 

a  woman. 

a  mau. 

Qrandparents,    . 

c-« 

c->7-i 

7-'c-i 

7* 

Father 

of  the 

father  of. 

Father 

of  tlie 

mother  of. 

Mother 

of  the 

father  of. 

Mother 

of  the 

mother  of. 
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BUSINESS. 


Dr  T.  A.  Wise  and  ^Ir  Thomas  Gray   were  balloted  for,  and 
declared  dnly  elected  Fellows  of  the  Society. 


Monday,  20th  December  1880. 

Sir  WYVILLE  THOMSON,  F.R.S.,  Vice-President,  iu 

the  Chair. 

Tlie  followiug  Communications  were  read : — 

1.  On  Dust,  Fogs,  and  Clouds.     By  Mr  John  Aitken. 

(Abstract), 

Dust,  fogs,  and  clouds  seem  to  have  but  little  connection  with 
each  other,  and  we  might  think  they  could  be  better  treated  of 
under  two  separate  and  distinct  heads.  Yet  I  think  we  shall 
presently  see  that  they  are  more  closely  related  than  might  at  first 
sight  appear,  and  that  dust  is  the  germ  of  which  fogs  and  clouds  are 
the  developed  phenomena. 

This  was  illustrated  by  an  experiment  in  which  steam  was  mixed 
with  air  in  two  large  glass  receivers;  the  one  receiver  was  filled  with 
common  air,  the  other  with  air  which  had  been  carefully  passed 
through  a  cotton-wool  filter  and  all  dust  removed  from  it.  In  the 
unfiltered  air  the  steam  gave  the  usual  and  well-known  cloudy  form 
of  condensation,  while  in  the  filtered  air  no  cloudiness  whatever 
appeared.  The  air  remained  supersaturated  and  perfectly  trans- 
parent 

The  difference  in  the  behaviour  of  the  steam  in  these  two  cases 
was  explained  by  corresponding  phenomena,  in  freezing,  melting,  and 
boiling.  It  was  shown  that  particles  of  water  vapour  do  not  com- 
bine with  each  other  to  form  a  cloud-particle,  but  the  vapour  must 
have  some  solid  or  liquid  body  on  which  to  condense.  Vapour  in  pure 
air  therefore  remains  uncondensed  or  supersaturated,  while  dust- 
particles  in  ordinary  air  forms  the  nuclei  on  which  the  vapour  con- 
denses and  forms  fog  or  cloud-particles. 

This  represents  an  extremely  dusty  condition  of  the  air,  as  every 
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fog  and  cloud-particle  was  formerly  represented  by  a  dust-particle, 
wiiich  vapour  by  condensing  upon  it  has  made  visible.  When  there 
is  much  dust  in  the  air  but  little  vapour  condenses  on  each  particle, 
and  they  become  bat  little  heavier,  and  easily  float  in  the  air.  If 
there  are  few  dust  specks  each  gets  more  vapour,  is  heavier,  and  falls 
more  quickly.  ' 

These  experiments  were  repeated  with  an  air-pump,  a  little  water 
being  placed  in  the  receiver  to  saturate  the  air.  The  air  was  then 
cooled  by  slightly  reducing  the  pressure.  When  this  is  done  with  un- 
altered air  a  dense  cloudiness  fills  the  receiver;  but  when  with  pure 
air  no  fogging  whatever  takes  place,  there  being  no  nuclei  on  which 
the  condensation  can  take  place.  In  this  experiment,  and  in  the  one 
with  steam,  the  number  of  cloud-particles  is  always  in  proportion  to 
the  dust  present  When  the  air  is  nearly  pure  and  only  a  few  dust- 
particles  present,  then  only  a  few  cloud-particles  form,  and  they  are 
heavy  and  fall  like  fine  rain. 

The  conclusions  drawn  from  these  experiments  are — Ist,  That 
whenever  water  vapour  condenses  in  the  atmosphere  it  always  does 
80  on  some  solid  nucleus ;  2d,  that  dust-particles  in  the  air  form 
the  nuclei  on  which  the  vapour  condenses  ;  3d,  that  if  there  was 
DO  dust  there  would  be  no  fogs,  no  clouds,  no  mists,  and  probably 
DO  rain,  and  that  the  supersaturated  air  woidd  convert  every  object 
on  the  surface  of  the  earth  into  a  condenser  on  which  it  would 
deposit ;  4th,  our  breath  when  it  becomes  visible  on  a  cold  mom- 
iog,  and  every  puff  of  steam  as  it  escapes  into  the  air,  show  the 
impure  and  dusty  condition  of  our  atmosphere. 

The  source  of  the  fine  atmospheric  dust  was  then  referred  to,  and 
it  was  shown  that  anything  that  broke  up  matter  into  minute  parts 
would  contribute  a  share.  The  spray  from  the  ocean,  when  dried 
and  converted  into  fine  dust,  was  shown  to  be  an  important  source. 
Meteoric  matter  also  probably  contributed  a  proportion.  Attention 
was  then  directed  to  the  power  of  heat  and  combustion  as  a  source 
of  this  fine  dust 

It  was  shown  that  if  there  is  much  dust,  then  each  particle  only 
gets  a  Httle  vapour  condensed  upon  it,  that  when  the  particles  are 
Damerous  they  become  but  little  heavier,  and  easily  float  in  the  air, 
^d  give  rise  to  that  close  packed  but  light  form  of  condensation 
which  constitutes  a  fog,  and  therefore  whatever  increases  the  amount 
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of  dust  ill  the  air  tends  to  increase  fogs,  and  that  when  the  dust- 
particles  arc  not  so  numerous  the  cloud-particles  are  larger,  and  settle 
down  more  quickly. 

It  was  shown  that  by  simply  heating  any  substance  such  as  a 
piece  of  glass,  iron,  brass,  &c.,  a  cloud  of  dust  was  driven  off,  which, 
when  carried  along  with  pure  air  into  the  experimental  receiver, 
gave  rise  to  a  dense  fog  when  mixed  with  steam.  So  delicate  is 
this  test  for  dust,  that  if  we  heat  the  one-hundredth  of  a  grain  of 
iron  wire,  the  dust  driven  ofif  from  it  will  give  a  distinct  cloudiness 
in  the  experimental  receiver,  and  if  we  take  the  wire  out  of  the 
apparatus  and  so  much  as  touch  it  with  our  £ngers  and  again  replace 
it,  it  will  again  bo  active  as  a  cloud-producer.  Many  different  sub- 
stances were  tried,  and  all  were  found  to  be  active  fog-producers. 
Common  salt  is  perhaps  one  of  the  most  active. 

Heat,  it  is  well  known,  destroys  the  motes  in  the  air,  and  it  might 
be  thought  that  flame  and  other  forms  of  combustion  ought  to  give 
rise  to  a  purer  air.  Such,  however,  is  not  the  case.  Gas  was  burned 
in  a  glass  receiver,  and  supplied  with  filtered  air  for  combustion, 
and  it  was  found  that  the  products  of  combustion  of  pure  air  and 
dustless  gas  gave  rise  to  an  intensel}'  fog-producing  atmosphere.  It 
may  be  mentioned  here  that  the  fog-producing  air  from  the  heated 
glass,  metals,  and  burning  gas,  were  each  passed  through  the  cotton- 
wool filter,  and  the  air  was  in  all  cases  made  pure,  and  did  not  give 
rise  to  cloudiness  when  mixed  with  steam. 

It  will  be  seen  that  it  is  not  the  dust  motes  which  are  revealed  to 
us  by  a  beam  of  sunlight  when  shining  into  a  darkened  room, 
that  form  the  nuclei  of  fog  and  cloud-particles,  as  these  may  be 
entirely  removed  by  heat,  and  yet  the  air  remain  active  as  a  cloud- 
producer.  The  heat  would  seem  to  break  up  the  larger  motes  which 
reflect  the  light  into  smaller  and  invisible  onea  When  speaking 
of  dust,  it  is  to  these  infinitesimally  small  and  invisible  particles  we 
refer.  The  larger  motes  which  reflect  the  light  will  no  doubt  be 
active  nuclei,  but  their  number  is  too  small  to  have  any  important 
effect. 

It  is  suggested,  and  certain  reasons  are  given  for  supposing  that 
the  blue  colour  of  the  sky  is  due  to  this  fine  dust 

Other  experiments  were  made  to  test  the  fog-producing  power  of 
the  air  and  gases  from  different  sources.     The  air  to  be  tested  was 
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introduced  into  the  experimental  receiver  and  mixed  with  steam, 
and  the  relative  densities  of  the  fog  produced  were  noted.  It 
was  found  that  the  air  of  the  laboratory  where  gas  was  burn- 
ing always  gave  a  denser  fog  than  the  air  outside,  and  that  the 
air  outside  varied,  giving  less  fog  during  wet  than  during  diy 
weather.  The  products  of  combustion  of  gas  burned  in  a  Bunsen 
flame,  a  bright  flame,  and  a  smoky  flame,  were  all  tested  and  found 
to  be  about  equally  bad,  and  all  much  worse  than  the  air  in  which 
they  were  burned.  Products  of  combustion  from  a  clear  fire  and 
from  a  smoky  one  gave  about  equal  fogging,  and  both  much  worse 
than  the  air  of  the  room. 

Experiments  were  made  by  burning  different  substances.  Com- 
mon salt  when  burned  in  a  Are  or  in  alcohol  flame  gave  an 
intensely  fog-producing  atmosphere,  but  burned  sulphur  was  the 
most  active  substance  experimented  on.  It  gave  rise  to  a  fog  so 
dense  it  was  impossible  to  see  through  a  thickness  of  5  cm.  of  it. 

The  vapours  of  other  substances  than  water  were  tested  to  see 
if  they  would  condense  in  the  cloud  form  without  nuclei  on  which 
to  deposit  All  the  substances  experimented  on,  which  included 
sulphuric  acid,  alcohol,  benzole,  and  paraffln,  only  gave  a  cloudy 
condensation  when  mixed  with  ordinary  unflltered  air,  and  remained 
perfectly  clear  when  mixed  with  filtered  air,  all  these  acting  like 
^ler  vapour. 

Before  referring  to  fogs,  which  have  now  become  so  frequent  and 
aggravated  in  our  large  towns,  it  was  pointed  out  that  caution  was 
necessary  in  applying  the  results  of  the  experiments. 

The  conditions  of  a  laboratory  experiment  are  so  different,  and  on 
au  small  a  scale,  that  it  is  not  safe  to  carry  their  teaching  to  the  utmost 
limits,  and  apply  them  to  the  processes  which  go  on  in  nature.  We 
may,  however,  look  to  the  experiments  for  facts  from  which  to  reason, 
and  for  processes  which  will  enable  us  to  understand  the  grander 
workings  of  nature. 

It  having  been  shown  that  vapour,  by  condensing  on  the  dust- 
particles  in  the  air,  gives  rise  to  a  fogging,  the  density  of  which 
depends  on  the  amount  of  fine  dust  in  the  air,  the  more  dust  the 
finer  are  the  fog-particles,  and  the  longer  they  remain  suspended  in 
the  air.  It  having  been  also  shown  that  all  forms  of  combustion, 
perfect  and  imperfect,  are  producers  of  ^g  nuclei,  it  is  concluded 
vou  XI.  0 
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that  it  is  hopeless  to  expect  that,  adopting  more  perfect  forms  of 
combustioa  than  those  at  present  in  use,  we  shall  thereby  diminish 
the  frequency,  persiatoncy,  or  density  of  our  town  fogs.  More  perfect 
combustion  will,  however,  remove  the  pea-soup  character  from  the  fogs 
and  make  them  purer  and  whiter,  by  preventing  the  smoke  which  at 
present  mixes  with  our  town  fogs  and  aggravates  their  character,  and 
prevents  them  dissolving  when  they  enter  our  rooms.  Smoke  de- 
scends during  a  fog,  because  the  smoke  particles  are  good  radiators, 
and  soon  get  cooled  and  form  nuclei  on  which  the  water  vapour 
condenses.  The  smoke  thus  becomes  heavier  and  fall&  This 
explains  why  it  is  falling  smoke  is  often  a  sign  of  coming  rain.  It 
indicates  a  saturated  condition  of  the  atmosphere. 

Sulphur  when  burned  has  been  shown  to  be  an  intensely  active 
fog-producer.  Calculation  shows  that  there  are  more  than  200  tons 
of  sulphur  burned  with  the  coal  every  winter  day  in  London,  a 
quantity  so  enormous  as  quite  to  account  for  the  density  of  the 
London  fogs.  It  is  suggested  that  some  restriction  ought  to  be  put 
on  the  amount  of  sulphur  in  the  coal  used  in  towns. 

Before  utterly  condensing  the  smoke  and  the  sulphur,  it  was 
pointed  out  that  it  would  be  necessary  thoroughly  to  investigate, 
and  fully  to  consider  the  value  of  smoke  as  a  deodorizer,  and  also 
the  powerful  antiseptic  properties  of  the  sulphurous  acid  formed  by 
the  burning  sulphur.  The  air  during  fogs  is  still  and  stagnant 
There  is  no  current  to  clear  away  the  foul  smells  and  deadly  germs 
that  float  in  the  air,  and  which  might  be  more  deadly  than  they  are 
were  it  not  for  the  suspended  soot  and  burned  sulphur.  We  must 
therefore  be  on  our  guard  lest  we  substitute  a  great  and  hidden 
danger  for  an  evident  but  less  evil 

2.  Solar  Eclipse.  31st  December  1880.    By  Mr  R  Sang. 

The  elements  for  the  compution  of  eclipses  are  given  in  the 
•*  Nautical  Almanac  "  with  precision  sufficient  for  all  ordinary  pur 
poses;  but,  when  we  wish  to  compare  the  lunar  ephemeris  with 
actual  observation  for  the  purpose  of  verifying  or  of  improving  our 
data,  we  must  go  somewhat  more  minutely  into  the  investigation. 

Thus,  in  the  List  of  Elements,  p.  403,  the  changes  in  the  right- 
ascension  and  declination  of  the  sun  and  moon  are  supposed  to  be 
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proportional  to  the  times,  while  the  moon's  geocentric  semidiameter, 
u  well  as  the  horizontal  parallax,  is  supposed  to  he  constant  during 
the  eclipse.  In  this  way  some  exceedingly  small  errors  are  intro- 
duced into  the  calculation. 

In  order  to  take  full  advantage  of  the  admirahly  minute  and  exact 
ephemerides  given  in  the  hody  of  the  "  Almanac,"  I  thence,  using 
eecond  differences  wherever  they  had  any  influence,  computed  the 
geocentric  positions  of  the  sun  and  moon,  and  the  moon's  parallax 
and  semidiameter,  for  intervals  of  10  m.  during  the  eclipse. 

From  these  again  I  deduced  strictly  the  declinations,  hour 
angles,  semidiameters,  and  separations,  as  seen  from  the  Royal 
Observatory  of  Edinburgh,  using  300  :  299  as  the  ratio  of  the  earth's 
oblateness.  Lastly,  from  these  results,  and  with  the  same  precau- 
tions, I  calculated  the  instants  of  the  first  and  last  contacts,  and  that 
of  the  closest  approach.  My  table  of  the  values  of  circular  seg- 
ments enables  me  also,  with  great  ease,  to  determine  the  part  of 
the  sun's  disc  hid  by  the  moon. 

The  following  are  the  results  : — 


H. 

M.          8. 

First  contact  at     1 

30     10  Green.  M.  S.  Time 

Greatest  phase,     2 

29     26 

Last  contact,         3 

26     15 

Portion  of  sun's  diameter  uncovered  17'  03".  Eatio  of  uncovered 
to  covered  portions  of  sun's  disc  631  :  369,  the  whole  surface  being 
1,000. 

I  may  remark  that  the  moon's  parallax  and  semidiameter,  as 
given  among  the  elements,  have  been  obtained  by  simple  inter- 
polation from  those  for  0  h.  and  12  h.  ;  whereas  the  moon  is  in 
perigee  during  the  eclipse,  and  the  parallax  instead  of  decreasing 
'mifonnly  from  0  k  till  12  h.,  actually  increases  to  a  maximum 
and  then  decreases ;  so  that  in  place  of  61'  27  "'3  we  should  have 
had  61'  2r'.6. 

The  comparison  of  these  predictions  with  the  times  observed  at 
the  Calton  Hill  will  fte  interesting,  should  the  weather  permit. 
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2.   On  the  Preparation  of  Adamantine  Carbon  or  Diamond. 
By  E.  Sydney  Marsden,  D.Sc,  F.R.S.E.,  F.  Inst.  Chem.,  &c. 

{Preliminary  Notice,) 

The  preparatioii  of  adamantine  carbon  or  diamond  has  exercised 
the  genius  of  philosophers  from  the  very  earliest  time« ;  but  it  was 
not  until  the  middle  of  the  last  centuiy  (1772)  that  Lavoisier 
established  the  diamond's  true  nature — notwithstanding  the  sim- 
plicity of  the  experiments  required  to  demonstrate  the  fact — and 
showed  it  to  consist  of  pure  carbon  in  a  crystallised  state.  Since 
that  time  very  many  attempts  have  been  made  to  prepare  it  arti- 
ficially, but  until  the  recent  and  now  famous  experiments  of  Mr  J. 
B.  Hannay  there  has  not  been  the  slightest  approach  towards  the 
solution  of  this  problem.  Great  obstacles  stood  in  the  way  of 
success,  the  chief  being  the  complete  insolubility  of  carbon  in  all 
known  Hquids,  coupled  with  its  non-volatility  and  infusibility ; 
while  the  subject  was  rendered  even  more  difficult  and  obscure,  by 
ignorance  of  the  conditions  under  which  the  diamond  is  produced 
in  nature,  its  peculiar  crystalline  form,  together  with  extreme  rarity, 
indicating  a  probable  very  slow  formation,  and  rare  natural  existence 
of  the  conditions  necessary  for  its  formation. 

The  process  employed  by  me  for  the  production  of  this  substance 
is  identical  with  the  one  for  the  preparation  of  pure  adamantine 
boron  which  was  worked  out  by  Dr  K  M.  Morrison  and  myself, 
and  communicated  to  this  Society  in  a  paper  read  June  17,  1878. 
It  consists  in  dissolving  the  amorphous  variety  in  fused  silver  or  an 
alloy  of  platinum  and  silver,  and  allowing  it  to  crystallize  out  again 
on  cooling.     This  is  effected  in  the  following  manner  : — 

First  of  all  we  take  a  graphite  crucible  and  line  it  inside  with  a 
layer  of  pure  carbon  half  an  inch  in  thickness — the  carbon  employed 
for  this  purpose  is  piire  sugar  charcoal  mixed  with  a  solution  of  gum 
into  a  firm  paste  and^  then  tightly  packed  into  the  crucible,  this  is 
then  very  slowly  dried  and  ultimately  heated  red-hot  and  allowed  to 
cool  again — the  centre  portion  scooped  out  leaving  the  lining  of 
half  an  inch  thick,  finn,  solid,  and  compact,  and  without  any  cracks 
or  holes ;  to  this  special  attention  must  be  paid. 

The  amorphous  carbon  (which  is  pure  sugar  charcoal  prepared  by 
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talcLuing  Bugar)  ia  then  reduced  to  an  impalpable  powder  in  an 

•gate  mortar,  and  laid  in  alternate  lay  ore  with  the  metal  (in  small 

lumps)  ID  the  carbon  crucible  as  already  deecnbed,  great  pains  being 

taken  to  secure  that  the 

m^ltl  ia  well  surrounded 

with  carbon.     The  carbon 

lid  ia  then  tightly  fitted,     ^^°;^ 

vA  iny  little  crevice  fiUed     ^'^^ 

up  with  pure   charcoal     veui 

The  gtaphite  crucible  bd 

lnt«d  on  with  the  mixture 

of  (ubon  and   gum  and 

the  whole  ^ain  carefully 

dried.    This  graphite  era 

eible  is  then  placed  in  an  ordinary  steel  melting  crucible  (to  facih- 

tal«  its  being  handled)  and  surrounded  with  charcoal  and  coke^usL 

The  whole  then  placed  in  a  Siemens'  regenerative  gas  furnace  and 

kept  at  the  temperature  of  melting  steel  for  from  nine  to  ten  hours. 

It  is  then  taken  out  and  the  cracible  buned  m  hot  sand,  to  allow 

of  Tery  gradual  cooling  and  thus  give  every  chance  for  the  formation 

<if  cjyatds,  in  this  way  It  was  found  possible  to  extend  Uie  cooling 

o?er  from  fourteen  to  eighteen  hours. 
During  the  heating  the  melted  metal  becomes  thoroughly  saturated 

*iUi  the  carbon,  which  again  crystallises  out  on  cooling.  On  open- 
ing the  crucible  tbe  metal  is  found  in  a  single  lump  towards  the 
lottoffl,  and  still  anrrounded  by  the  undissolved  carbon,  from  which 
it  eomes  away  quite  easily  and  cleanly,  and  only  requires  to  be 
Tuhed  with  water  and  a  small  brush  to  ramove  the  adhering 
cubon,  when  it  ia  ready  for  extracting  the  crystallised  carbon  from 
ita  interior.  On  examining  the  metal  at  this  stage  of  tbe  operation, 
DiAiked  lines  of  crystallisation  can  be  distinctly  seen  crossing  the 
nher  in  two  directions  at  right  angles  to  one  another. 

The  metal  is  now  dissolved  in  nitric  acid,  when  we  obtain  the 
dinolved  carbon  &om  its  interior  in  the  form  of  a  greyish  black 
povder  poesessing  a  beautiful  graphitic  lustre.  On  examining  this 
powder  under  the  microscope  we  find  it  to  consist  of  three  different 
Uiids  of  enbetances — first  of  graphite,  which  forms  the  larger  pro- 
portion ;    secondly  of  a   number   of  email   crystalline   bodies  of 
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octahedral  form,  also  present  in  a  fairly  large  quantity  ;  and  thirdly 
a  quantity  of  a  brownish  substance  probably  amorphous  carbon  or 
a  carbide  of  silver,  which  occurs  in  little  flocks.  It  would  appear 
from  this  that  dissolved  carbon,  on  crystallising  slowly,  takes  the 
graphitic  form  in  the  hexagonal  system  in  preference  to  the  octa- 
hedral form  of  the  diamond.  I  judge  tliis  from  the  fact  of  its 
occurring  in  so  much  larger  a  quantity.  By  washing  this  mixed 
powder  by  decantation,  and  then  treating  it  first  with  hydrofluoric 
acid  and  then  with  ammonia,  and  further  with  caustic  potash,  the 
greater  portion  of  the  brown  flocculent  substance  is  thus  got  rid  of, 
leaving  the  graphitic  and  adamantine  carbon  behind,  and  thus  much 
more  easy  to  examine. 

These  crystals  then  are  found  after  the  above  treatment  to  have 
the  following  properties,  viz.  : — 

1.  They  are  unacted  upon  by  ordinary  acids  and  alkaliea 

2.  They  remain  unattacked  even  after  boiling  with  hydrofluoric 

acid  and  being  treated  with  it  for  some  days,  (these 
crystals  were  left  under  hydrofluoric  acid  from  Friday 
morning  until  Monday  morning). 

3.  They  are  extremely  hard,  and  scratch  glass  and  quartz  quite 

easily,  and  I  believe  also  the  saphire  ;  but  being  so  minute 
it  is  not  possible  at  present  to  speak  absolutely  on  tliis 
point,  though  I  am  under  the  impression  that  scratches 
were  certainly  made. 

4.  When  heated  in  a  platinum  crucible  before  the  blowpipe, 

under  a  stream  of  oxygen  they  quickly  glowed  away. 

Such  are  the  properties  of  this  powder. 

It  has  already  been  stated  that  the  larger  proportion  of  the  powder 
consisted  of  graphite,  and  of  this  it  is  not  necessary  to  say  more 
here ;  but  to  turn  again  to  the  other  crystals,  on  making  a  closer 
examination  under  the  microscope  we  find  them  to  consist  of  two 
different  kinds,  some  being  dark-coloured  whilst  others  are  perfectly 
transparent ;  we  will  examine  each  of  these  two  kinds  of  crystals 
separately. 

First,  the  dark -coloured  crystals,  which  are  in  most  cases  black, 
have  a  perfect  octahedral  form  with  curved  edges,  or  in  other  words 
have  the  ciystalline  form   peculiar  to  the  diamond,  and  to  that 
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substance  alone.  These  crystals  I  believe  to  be  true  diamonds^ 
which  are  coloured  black  by  amorphous  carbon  being  disseminated 
through  them  ;  indeed,  a  number  of  them  are  not  entirely  dark- 
coloured  but  transmit  light,  although  not  sufficiently  to  admit  of 
their  action  on  polarised  light  being  given.  To  account  for  their 
bciDg  coloured  in  this  way,  it  may  be  conceived  to  have  occurred  in 
the  following  manner,  as  far  as  the  present  experiments  show  : — 

The  metal  on  being  fused  and  kept  at  a  temperature  consider- 
ably above  its  melting-point,  and  thus  very  liquid,  dissolves  the 
amorphous  carbon  until  it  becomes  a  perfectly  saturated  solution. 
In  this  state  it  can  take  up  no  more  carbon,  but  there  being  a  large 
excess  of  that  substance  in  the  impalpable  amorphous  state  present, 
it  becomes  disseminated  throughout  this  liquid  mass,  and  when  the 
latter  crystallises  the  amorphous  carbon  is  naturally  enclosed  in  the 
crystals  both  of  carbon  and  silver,  and  thus  colours  the  former. 
This  is  also  the  source  from  which  the  amorphous  carbon  comes 
that  as  before-mentioned  occurs  stuck  together  in  little  flocks,  along 
with  these  crystals,  on  dissolving  the  metal,  only  that  of  course  it 
was  enclosed  in  the  crystals  of  the  metaL  This  is  so  perfectly 
evident  that  it  is  unnecessary  to  say  more  about  it  here. 

The  question  to  be  decided,  then,  is  as  to  whether  these  dark 
crystals  are  really  diamonds  ?  If  we  consider. their  method  of  pre- 
paration from  pure  sugar  charcoal,  in  charcoal  crucibles,  with  pure 
metal,  we  see  that  the  only  substances  they  can  possibly  be  are 
carbon,  silver,  or  platinum  (when  an  alloy  of  silver  and  platinum  is 
ttfed).  I  have  not  been  able  to  detect  the  presence  of  either  of  the 
latter  substances  in  them,  and  consequently  believe  them  to  be  pure 
carbon.  Moreover,  their  crystalline  form,  the  perfect  •  octahedra 
with  curved  edges,  is  the  form  of  crystal  peculiar  to  the  diamond 
and  to  it  alone,  which  makes  one  the  more  certain  that  these  crystals 
are  real  diamonds  though  coloured.  Again,  the  presence  of  graphite 
inakes  it  more  probable,  and  shows  that  the  carbon  must  have  been 
in  such  a  state  of  molecular  disaggregation  as  to  allow  it  to  pass 
from  the  amorphous  form  to  the  crystalline  condition,  and  if  so, 
why  should  it  not  take  the  diamond  form  as  well  as  the  graphitic 
onet  which  is  in  fact  what  has  actually  taken  place.  Although,  as 
I  have  remarked  above,  the  tendency  is  for  the  greater  portion  of 
this  dissolved  carbon  to  crystallise  in  the  hexagonal  or  graphitic 


2-4  Proceedings  of  the  Royal  Society 

form  wlien  cooling  is  extended  over  a  long  time,  probably  because 
working  under  some  to  us  at  present  unknown  law,  it  is  easier  for 
it  to  crystallise  in  that  form  than  in  the  octahedral  or  cubical  one. 
This  might  indeed  form  a  subject  for  a  very  interesting  research, 
"  Whether  any  preference  is  shown  by  a  body  crystallising  in  two 
forms,  to  crystallise  in  one  of  the  forms  rather  than  in  that  of  the 
other,  and  under  what  conditions  it  takes  place  to  most  advantage  V* 

From  what  has  been  said  there  can  now  be  but  little  doubt  as  to 
whether  these  crystals  are  diamonds  or  not — that  in  point  of  fact 
they  certainly  are — and  the  questions  now  naturally  arise  as  to 
whether  they  can  bo  made  of  sufficient  size  to  be  of  any  practical  use 
or  value)  if  so,  at  what  cost?  and  finally,  whether  they  can  be 
produced  on  a  large  scale  without  colour  and  with  the  lustre  of  the 
natural  gem,  so  as  to  be  available  for  ornamental  purposes  % 

With  regard  to  the  first  of  these  questions.  Whether  they  can  be 
made  of  sufficient  size  to  be  of  any  practical  use)  It  is  impossible 
at  present  to  answer  this  question,  these  experiments  having  been 
made  with  only  very  small  quantities  of  metal  (in  no  case  exceeding 
more  than  ten  ounces),  so  that  it  can  hardly  be  said  that  they  have 
had  given  them  a  fair  chance.  I  believe  that  if  experiments  were 
made  with  large  quantities,  say  with  200  or  300  ounces  of  metal,  one 
might  obtain  large  crystals  which,  if  even  they  were  coloured,  might 
be  of  immense  value  for  drills  and  mining  instruments,  &c. 

Then  as  regards  the  cost  of  production,  that  would  be  very  slight, 
indeed  only  the  cost  of  producing  the  sugar  charcoal  in  an 
impalpable  powder,  as  the  silver  (and  platinum  in  case  of  an  alloy) 
is  all  regained  from  its  solution  with  very  trifling  loss,  so  that  if  the 
process  onra  large  scale  were  to  be  a  success,  with  practice  it  might 
be  worked  with  but  small  expensa  The  third  question  as  to 
whether  they  can  be  produced  transparent  and  with  the  lustre  of  the 
natural  diamond  on  a  large  scale  is  one  purely  of  experiment  I  am 
under  the  impression  that  this  could  be  done  as  soon  as  one  had 
leamt  by  practice  just  the  amount  of  carbon  necessary  for  the 
complete  saturation  of  the  metal  and  no  more — it  is  probable  that 
then  these  crystals  might  be  obtained  in  a  perfectly  transparent 
condition  possessing  adamantine  lustre — but  after  all  it  is  a  matter 
of  experiment,  and  even  though  they  were  not  produced  of  this  kind 
80  as  to  be  serviceable  for  ornamental  purposes,   still  if  these 
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"carbonado"  diamondfl  can  be  prodaced  of  sufficient  size  they  will 
be  of  immense  yalae. 

The  greatest  advantage  of  this  method  of  production  is  its 
simplicity,  there  being  no  difficulty  about  it,  and  absolutely  no 
danger.  It  is  exceedingly  economical,  in  point  of  fact  everything 
that  could  be  desired,  there  being  no  useless  bye-products  formed,  as 
eTeiything  can  be  reclaimed  and  used  over  again. 

At  the  time  that  the  preliminary  experiment  of  this  research  was 
made,  Dr  Morrison  and  I  were  working  together  on  the  solubility  of 
hoion  in  silver,  and  after  the  success  attending  our  experiments  with 
boron  we  were  led  to  try  an  experiment  with  carbon  also;  indeed 
the  original  idea  with  which  we  started  on  the  research  was  to  try 
the  solubility  of  the  three  substances — carbon,  boron,  and  silicon — in 
the  different  fused  metala     Our  first  experiment  with  carbon  was 
mofit  successful,  and  at  the  end  of  our  paper  on  the  "  Preparation  and 
Properties  of  Pure  Graphitoid  and  Adamantine  Boron,"  *  we  made 
the  following  statement : — "  The  success  of  the  boron  experiments 
led  08  to  try  with  carbon  also,  and  the  results  have  quite  equalled 
OUT  expectations.     We  are  at  present  engaged  with  these  experi- 
ments, and  hope  at  some  future  time  to  lay  the  results  before  the 
Society."     I  quote  this  paragraph  to  show  that  as  far  back  as  June 
17,  1878,  when  that  paper  was  read,  we  had  produced  these  bodies 
uid  felt  justified  in  making  the  statement  that  we  had  done  so,  and 
intimated  our  method.     At  this  stage  of  our  joint  operations  we 
obtained  a  grant  of  £20  from  the  research  fund  of  the  Royal  Society 
of  London  to  enable  us  to  continue  the  research.     This  we  were 
unable  to  do  jointly,  on  accoimt  of  Dr  Morrison's  other  engagements, 
and  80  he  finally  handed  it  over  to  me  alone,  grant  and  all  complete, 
to  work  out  by  myself.    The  result  has  been  that  after  eight  months 
continuous  work  at  it,  and  the  performance  of  very  many  experi- 
ments, I  am  now  able  to  lay  these  results  before  the  Society.     I 
think  it  right  to  say,  that  although  after  our  first  experiment  Dr 
Morrison  and  I  felt  justified  in  making  the  statement  above  quoted, 
still  I  do  not  pretend  to  say  that  we  were  in  a  position  to  make 
any  absolute  statement  about  our  results. 

Secondly,  on  examining  the  transparant  crystals,  these  are  found  to 
possess  a  beautiful  adamantine  lustre  and  high  refractive  and  dis- 
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persive  power,  so  as  to  be  easily  visible  even  when  mounted  in 
Canada  balsam.  They  appear  to  be  of  octahedral  form,  but  so  far 
none  of  them  seem  to  possess  curved  edges  like  the  dark  ones. 
Unlike  the  diamond  they  have  a  small  action  upon  polarised  light ; 
this  might,  however,  be  caused  by  their  too  rapid  cooling.  What 
these  crystals  are  I  cannot  at  present  say. 

Finally,  let  me  now  call  attention  to  the  accompanying  sketches 
whieh  I  have  prepared  to  show  the  colour  and  perfect  ciystalline 
form  of  these  different  crystals : — 

No.  1  is  a  crystal  of  very  perfect  octahedral  form  with  curved 
edges,  it  is  almost  black,  and  is  magnified  about  520 
diameters. 

No.  2  is  another  crystal  of  the  same  form  but  not  quite  so 
dark  in  colour,  being  more  brown;  it  is  magnified  to  the 
same  amount  as  the  first  one. 

No.  5  is  another  of  the  same,  only  in  this  crystal  the  third 
edge  can  be  distinctly  seen. 

No.  4  is  a  crystal  of  perfect  octahedral  form  but  without  the 
curved  edges ;  it  is  also  magnified  as  the  others. 

No.  3  is  a  fragment  of  a  crystal  which  exhibits  a  number  of 
scratches  in  its  surface,  most  likely  caused  by  the  curved 
edged  crystals  rubbing  against  it  It  is  magnified  some 
78  time&     The  scratches  were  seen  by  reflected  light. 

No.  6  is  a  sketch  of  one  of  the  transparent  octahedral  crystals 
as  already  described,  and  shows  its  perfect  crystalline  form 
and  truncated  comers ;  it  is  magnified  some  520  diameters. 
It  was  mounted  in  Canada  balsam,  but  its  high  refractive 
power  rendered  it  easily  visible.  It  had  a  slight  action  on 
polarised  light 

In  conclusion,  I  may  state  that  a  friend  who  has  to  deal  with  laige 
quantities  of  gold  and  silver  has  kindly  offered  me  the  opportunity 
for  making  experiments  on  a  large  scale  with  300,  400,  or  500 
ounces  of  metal  at  a  time,  so  this  method  of  production  will  shortly 
be  put  to  a  practical  test  On  the  completion  of  these  experiments 
I  will  bring  any  further  results  before  the  Society. 
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4.  Note  on  an  Electric  Sonometer.     By  Prof.  James  Blyth. 

The  apparatuB  consists  of  an  ordinary  sonometer  with  five  feet 
clear  space  between  the  two  end  bridges,  and  having  a  wire 
stretched  from  one  end  to  the  other.  A  current  from  eight  or 
ten  Grove's  cells,  interrupted  by  a  toning  lork  which  vibrates  128 
times  per  second,  is  sent  through  the  wire.  At  a  distance  about  a 
fifth  of  its  length  from  the  end  of  the  wire  a  large  electro-magnet, 
with  pointed  poles,  is  placed  so  that  the  line  joining  the  poles  is 
at  right  angles  to  the  wires.  The  poles  are  also  put  close  to  the 
wire,  but  leaving  it  freedom  to  vibrate.  When  a  current  from  eight 
Grove's  cells  is  sent  through  the  coils  of  the  electro-magnet,  the 
wire  begins  to  sound,  and  by  altering  its  tension  the  fundamental 
note  of  the  wire  comes  out  loud  and  clear.  The  wire  is  also  seen 
to  be  vibrating  as  a  whole ;  and  the  vibrations  are  also  seen  to  be 
in  the  plane  perpendicular  to  the  line  joining  the  poles.  By  shifting 
the  electro-magnet  a  little,  and  regulating  the  tension  of  the  wire, 
it  is  seen  to  divide  into  nodes  and  loops  with  one,  with  two,  with 
three  nodes  in  its  length,  thus  giving  the  harmonics  of  the  funda- 
mental note. 

ThiB  eifect  is  due  to  the  interrupted  current  causing  the  wire  to 
vibrate  across  the  lines  of  force  due  to  the  electro-magnet ;  in  fact, 
the  magnet  appears  very  much  to  perform  the  function  of  the  bow 
when  employed  to  agitate  the  wire  in  the  ordinary  way. 

I  have  tried  different  wires — iron,  steel,  and  copper — all  with  the 
same  result,  which  shows  that  the  effect  is  not  confined  to  wires 
formed  of  the  magnetic  metals  alone. 

This  experiment  helps  to  explain  the  action  of  the  wire  telephone, 
and  shows  that  it  is  due  mainly,  if  not  entirely,  to  the  transverse 
and  not  to  the  longitudinal  vibrations  of  the  wire. 

By  damping  the  wire  at  the  requisite  points  along  its  length,  the 
various  notes  of  the  scale  can  be  distinctly  reproduced. 

All  the  notes  produced  are  remarkably  dear  and  beautiful,  and 
the  effect  of  a  slight  alteration  of  tension  in  altering  the  tone  is  very 
marked. 

It  is  easy  to  see  how  an  apparatus  on  this  principle  could  be 
constructed  for  repeating  Helmholts's  experiments  on  the  vowel 
sounds. 
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5.  Theory  to  account  for  certain  movements  exhibited  by 
low  forms  of  Animal  Life,  and  termed  Amoeboid.  By 
John  B.  Hay  craft,  Senior  Demonstrator  of  Physiology  in 
the  University  of  Edinburgh. 

A  large  number  of  imicellular  plants  and  animals,  and  many  of 
the  cellular  units  which  make  up  the  complex  tissues  of  man  and 
more  evolved  animals^  exhibit  certain  movements.  These  are 
termed  "  Amoeboid,"  as  they  are  well  seen,  and  were  at  an  early 
period  studied  in  the  Amoeba. 

If  an  amoeba  or  a  white  blood  corpuscle  of  the  newt  be  examined 
with  a  good  lens,  the  following  facts,  among  others,  may  be  made 
oath  The  corpuscle  looks  like  a  granular  lump  of  jelly  containing 
two  or  three  nuclei,  and  it  is,  we  will  suppose,  spherical  to  begin 
witL  Soon  the  shape  changes,  for  a  little  process  is  seen  to  pro- 
trude at  one  side,  which  may  become  retracted,  or  go  on  elongating. 
In  the  substance  of  the  cell  and  in  the  processes,  movements  may 
be  observed,  consisting  evidently  of  a  flowing  of  the  protoplasm, 
as  indicated  by  the  embedded  granules  which  are  carried  along. 
The  little  processes  are  termed  pseudopodia,  and  vary  much  in 
shape,  some  being  thick  and  either  pointed  or  club-shaped,  others 
are  filamentous,  as  in  the  perforated  Foraminiferse,  where  large 
numbers  of  these  are  seen  radiating  from  the  test.  These  move- 
ments may  be  automatic,  and  they  are  modified  by  various  external 
forces ;  for  example,  heat  and  electricity. 

I  shall  now  endeavour  to  account  for  the  throwing  out  and  sub- 
sequent retraction  of  these  little  pseudopodia,  pointing  out,  it  may 
he,  but  one  factor,  but  that  a  probable  one. 

Various  theories  have  been  already  advanced  (Briicke,  Hermann, 
Engelmann),  which,  for  want  of  a  better  name,  we  may  call  geome- 
trical :  they  wouljd  account  well  enough  for  the  protrusion  of  pro- 
ceeaes  had  we  the  slightest  evidence  to  suppose  the  imagined  struc- 
tures to  exist. 

The  simplest  of  these  supposes  that,  if  at  a  certain  spot  on  the 
s^ace  of  the  cell  a  pseudopodium  is  to  be  protruded,  contraction 
occurs  along  a  chord  of  the  segment,  including  this  spot  Such  a 
contraction  could  no  doubt  produce  a  protrusion,  but  it  is  gratuitous 
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to  suppose  that  these  creatures  can  extemporise  chords  of  contrac- 
tile tissue  at  will,  and  it  explains  in  no  way  the  subsequent 
retraction  of  the  process. 

Within  the  last  ten  years,  histologists,  working  at  the  ultimate 
structure  of  the  cell,  have  brought  to  light  facts  which  may  bear 
upon  this  point, — facts  in  morphology  the  functional  significance  of 
which  is  not  yet  clearly  known. 

Flemming,  Strassburger,  Klein,  and  others,  have  shown  that 
"protoplasm"  consists  of  two  parts, — (1)  a  network  or  stroma,  and 
(2)  an  interstromal  matter  filling  up  the  meshes  of  the  stroma.  All 
cells  which  have  as  yet  been  examined  show  these  two  parts  both 
in  the  mass  of  the  cell  and  in  the  nucleus.  This  stroma  is  an 
anatomical  whole,  although  no  doubt  subject  to  slow  changes 
during  growth  and  division,  as  is  the  cell  itself.  In  various  cell- 
units  the  arrangement  differs  somewhat,  but  these  general  points 
may  be  alluded  to. 

The  stroma  is  a  closed  meshwork  (not  a  stellate  arrangement 
of  particles),  the  tissue  of  which  it  is  composed  joining  and 
anastomosing  often,  and  at  short  intervals.  The  stroma  is  in 
connection  with  the  nuclear  wall,  and  with  that  of  the  cell  if  it 
be  present. 

Now,  in  many  cells  this  network  has  a  distinct  mechanical 
function.  In  the  ciliated  cell,  as  Klein  believes,  the  stroma  is  the 
mechanism  productive  of  the  movements  of  the  cilia.  In  in- 
voluntary non-striped  muscular  fibres  the  fibrils  are  homologues 
of  the  stroma,  although  they  do  not  anastomose,  being  arranged  in 
parallel  series.  The  same  holds  good  for  the  voluntary  striped 
fibre,  where  the  fibrillae  representing  the  stroma  (the  cement  is  the 
homologue  of  the  interstromal  substance)  perform  the  important 
function  characteristic  of  the  tissue — namely,  contraction.  It  is 
seen  then  that  in  many  cells  the  stroma  has  a  mechanical  action 
possessing  the  power  of  contraetilityf  which,  however,  is  not  the  case 
with  the  interstromal  matter. 

In  those  corpuscles  which  exhibit  ammboid  movements,  may  not 
these  be  due  to  some  contractions  of  the  stroma  which  they^  in  com- 
mon with  other  ceth^  possess  ? 

1  may  mention  here  that  movements  of  the  stroma  of  the  white 
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eorposdes  haye  been  observed  (Stricke) ;  and  in  cell  division,  which 
is  always  associated  with  very  slow  change  of  shape  or  movement, 
the  stroma  certainly  alters  in  a  very  marked  manner  (Flemming, 
Klein). 

It  may  at  first  sight  be  thought  that  a  peeudopodium  is  produced 
by  a  change  (either  of  shortening  or  elongation)  of  part  or  the 
whole  of  the  stroma,  whereby  a  part  of  it  protrudes  as  a 
process.  This  may  be  the  case,  but  there  are  certain  difficul- 
ties in  acceptiDg  this  view.  The  stroma  is  a  closed  network,  and 
therefore  the  meshes  must  be  broken  up  in  order  to  allow  of  a 
portion  of  it  at  the  surface  to  be  separated  from  the  rest  in  the  form 
of  a  process ;  the  superficial  parts  must  be,  in  fact^  torn  away  from 
those  suhjaoent.  Besides  this,  the  substance  of  the  pseudopodium 
is  more  fluid  than  that  of  the  cell  mass,  looking  in  general  very 
hyaline  and  uniform,  although  in  some  cases  granules  may  be 
observed  in  its  substance.  The  pseud opodia,  moreover^  are  often 
Yery  fine,  quite  as  fine  in  fact  as  a  strand  of  the  meshwork  itself. 

Although  no  doubt  a  cell  can  change  very  considerably  in  form, 
due  to  the  contractility  of  the  stroma,  the  relations  between  the 
stroma  and  interstromal  matter  being  inconsiderably  altered,  yet 
probably  many  at  least  of  the  pseudopodia,  for  the  reasons  given 
above,  are  formed  in  another  way.  They  consist  probably  of  the 
interstromal  matter,  or  portions  of  it,  projected  outwards  by  the 
contractions  of  the  stroma,  which  I  imagine  to  occur  in  the  follow- 
ing manner : — ^The  stroma  contracts  at  every  part  except  where  the 
peeudopodium  springs  from,  forcing  the  interstromal  matter  at  this 
point  through  the  ax)erture  left  patent 

This  accords  well  with  the  fact  that  the  pseudopodia  seem 
actually  to  be  projected  always  as  radia  from  the  cell,  and  that  they 
aie  of  a  very  hyaline  nature.  The  difficulty  is  to  comprehend  the 
forces  engaged  in  their  retraction.  There  are  probably  at  least  three, 
—(I)  the  relaxation  of  the  stroma ;  (2)  the  viscosity  of  the  sub- 
stance, and  (3)  surface  tension,  in  virtue  of  which  a  body  tends  to 
sssume  the  spherical  shape. 

Now  this  may  be  very  well  theoretically,  but  are  these  three 
fsctors  equal  to  the  occasion  is  the  question  before  us  1  I  have 
imitated  the   structure  of   the  amwba  in  the  following  way  : — 
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An  india-rubber  ball  is  pierced  by  two  or  three  holes  near 
together ;  these  should  be  about  the  diameter  of  a  common  darning 
needle.  A  larger  aperture  (half-an-inch  across)  is  then  made  in  the 
ball,  but  opposite  to  the  smaller  holes,  and  the  ball  half-filled  with 
white  of  egg  (unboiled)  tinted  with  magenta.  The  ball  represents 
the  stroma,  while  the  white  of  egg  takes  the  place  of  the  inter- 
stromal  matter.  The  ball  is  now  dipped  into  a  beaker  of  water  to 
which  sugar  has  been  previously  added,  until  its  specific  gravity  is 
equal  to  that  of  white  of  egg.  Place  a  finger  over  the  aperture 
through  which  the  ball  was  filled,  and  press  upon  it  with  the  other 
fingers  of  the  same  hand.  Beautiful  little  magenta-stained  pseudo- 
podia  will  be  projected  from  the  small  apertures  into  the  sugar 
solution,  and  on  relaxing  the  pressure,  still  keeping  the  finger  over 
the  aperture  above,  the  pseudopodia  will  be  completely  retracted. 
I  have  been  able  in  this  way  to  project  them  three  or  four 
inches,  and  afterwards  they  have  been  completely  retracted  (the 
experiment  was  thus  successfully  performed  in  the  Society's 
rooms). 

One  might  use  common  water  in  place  of  the  sugar  solution,  but 
as  the  specific  gravity  of  the  white  of  egg  is  greater  than  that  of 
the  water,  the  pseudopodia,  when  they  have  been  projected  more 
than  an  inch  or  so,  break  off  and  fall  to  the  bottom.  The  size 
of  the  aperture  is  also  rather  a  nice  point,  for  there  is  one 
size — roughly  iV*^  ^^  i^  diameter — which  is  best  suited  for  the 
white  of  egg,  although  any  sized  aperture  will  answer,  though 
not  so  welL  This  no  doubt  varies  with  the  fluid  used ; — ordinary 
ink  may  be  substituted  for  the  white  of  egg,  and  oil  for  the  sugar 
solution. 

I  cannot  but  believe,  that  in  the  stroma  the  active  cause  for  these 
movements  is  to  be  sought  for,  and,  as  far  as  I  can  see,  it  must  act 
in  one  or  other  of  the  two  ways  described  above,  of  which  I  think 
the  last  is  least  in  antagonism  to  known  &cts. 
.  While,  no  doubt,  many  of  the  bulgings  seen  in  the  white  corpuscle 
of  the  newt's  blood  are  due  to  changes  in  shape  of  the  whole  cell, 
probably  with  slight  local  accumulation  of  interstromal  matter; 
yet  may  it  not  be  that  many  of  those  fine  hyaline  processes  are 
but  interstromal  matter  projected  from  the  cell  ? 
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There  are,  of  course,  many  other  phenomeua  exliibited  by  these 
cells,  which  I  do  not  attempt  to  explain.  For  instance,  there  are 
stream  movementB  seen  in  the  cell,  and  even  in  the  pseudopodia 
themselves.  These  are  probably  purely  molecular,  and  may  -be  the 
lesalt  of  heat ;  for  many  curious  movements  and  currents  are  to  be 
observed  in  heating  liquids,  and  especially  a  mixture  of  dissimilar 
onea 

If  oil  suspended  in  water,  or  acetic  acid  on  a  glass  slide,  be 
heated,  as  certain  temperatures  are  reached  flowing  movements  of 
I  very  curious  nature  are  to  be  observed  not  uulike  the  streaming 
of  protoplasm.  This  explanation  has  received  a  wider  extension  by 
Professor  Rindfleisch  ("  Centralblatt,"  Oct.  23,  1880),  who  would 
account  for  much  more  upon  this  one  factor. 

That  the  above  views  are  merely  speculative,  and  views  which 
may  have  eventually  to  be  withdrawn,  I  need  hardly  say.  It  is 
natural  and  right  to  ask,  when  a  new  anatomical  structure  is  dis- 
covered. What  are  its  functions  1 

The  paper  of  Professor  Rindfleisch  was  not  in  my  possession  when 
I  introduced  this  subject  to  the  Society.  I  have  taken,  however, 
the  liberty  of  mentioning  its  main  contents. 


Monday,  3d  Jamvary  1880. 

Professor  DOUGLAS  MACLAGAN,  M.D.,  Vice-President, 

iu  the  Chair. 

The  following  Communications  were  read : — 

1.  On  the  Effect  of  Permanent  Elongation  on  the  Specific 
Resistance  of  Wires.  By  Mr  T.  Gray.  Communicated 
by  Sir  William  Thomson. 


2.  Meconic  Acid.    By  Mr  D.  B.  Dott.   Communicated  by 

Professor  Crum  Brown. 

Although  meconic   acid  is  constantly  taken,  even  in   the  most 
ft^nt  handbooks  of  chemistry,  as  an  instance  of  a  tribasic  acid,  it  is 
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by  no  means  certain  that  it  possesses  that  nature.  Some  years  ago, 
Dittmar  and  Dewar^  investigated  the  matter,  and  came  to  the  con- 
clusion that  meconic  acid  is  dibasic  though  triatomic;  but  their 
experiments  are  not  supposed  to  completely  elucidate  the  subject 
All  published  statements  regarding  this  acid  are  consistent  with  it 
being  only  dibasic,  if  we  except  one  or  two  analyses  of  its  metallic 
salts.  Only  two  ethyl  ethers  are  known,  while  hydromeconic  acid, 
which  is  formed  from  meconic  acid  by  the  action  of  sodium- 
amalgam,  forms  dibasic  salts  alone.  With  morpliia  and  with 
aniline  tribasic  compounds  are  not  known,  though  the  dibasic  salts 
are  easily  prepared. 

There  can  be  no  doubt  that  the  chief  reasons  for  assuming  the 
tribasic  nature  of  meconic  acid,  are  the  statements  which  have  been 
made  concerning  the  composition  and  properties  of  the  silver  and 
lead  salts,  notably  of  the  former.  The  object  of  the  present  paper 
is  to  prove  that  the  alleged  facts  regarding  these  compounds  do  not 
rest  upon  solid  ground. 

The  meconic  acid  used  in  the  experiments  hereafter  described 
was  carefully  purified,  being  obtained  in  the  foi-m  of  well-defined 
prisms  perfectly  free  from  colour.  No  impurities  for  which  it  was 
tested  were  found  to  be  present,  and  the  acid  neutralized  the 
required  proportion  of  standard  alkali. 

I.  Meconates  of  Lead, 

(1.)  Prepared  by  adding  solution  of  lead  acetate  in  excess  to 
aqueous  solution  of  meconic  acid.  Even  after  long-continued 
washing  the  precipitate  still  yielded  to  the  filtrate  lead  and  meconic 
acid,  showing  that  the  salt  is  not  insoluble,  as  is  sometimes  stated. 
After  drying  at  120°  C.  the  meconate  was  ignited,  and  the  residue 
ignited  with  ammonic  nitrate  to  oxidize  the  metal 

8-295  grs.  gave  4*22  grs.  PbO  =  50-87  per  cent 
8-260       „         4.20        „       =50-84        „ 

(2.)  This  salt  was  prepared  in  the  same  way  as  the  above, 
at  Iciist  there  was  no  difference  noticed  in  the  metliod  of  pro- 
cedure. 

47-50  grs.  gave  26-70  grs.  PbO  =  56-21  per  cent 

♦  Proc.  Koy.  Sue.  Edin.  1867. 
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(3.)  Another  salt  similarly  prepared. 

20-11  grs.  gave  12-06  grs.  =.69-96  per  cent 

(4.)  In  this  case  the  precipitate  was  produced  by  mixing  solu- 
tions of  lead  acetate  and  neutral  ammonium  meconate 

22-60  grs.  gave  U-64  grs.  PbO  =  64*77  per  cent 

(5.)  This  salt  was  prepared  by  adding  solution  of  lead  acetate  to 
Bolution  of  neutral  morphia  meconate. 

6-69  grs.  gave  4-07  grs.  PbO  =  6076  per  cent 
PbC.H2O7  =  55  06  per  cent  PbO. 
(PbC7H.p7)2PbO  =  64-76  per  cent  PbO. 
Pb3(C7H07)2=  65-91 
PbC7H2O7PbO  =  7101 

From  these  results  it  is  manifest  that  the  precipitates  obtained  as 
above  described  are  of  variable  composition,  and  are  probably  mix- 
tares  of  different  salts.  Stenhouse*  prepared  several  basic  salts, 
one  of  them  containing  as  much  as  64*7  per  cent,  of  lead  oxide.  I 
l«lieve  it  is  this  tendency  of  meconic  acid  to  form  basic  salts,  which 
has  led  to  the  belief  in  its  tribraicity. 

IL  Meconaies  of  Silver 

(1.)  Prepared  by  adding  nitrate  of  silver  in  excess  to  solution  of 
neutral  ammonium  meconate.     Precipitate  dried  at  100**  C. 

9-82  grs.  gave  3-44  grs.  Ag  =  35*03  per  cent 
12-77       „        4-47        „     =3500      „ 

(2.)  This  precipitate  was  produced  by  adding  excess  of  silver 
nitrate  to  alkaline  solution  of  ammonium  meconate,  the  product 
being  dried  at  120**  C. 

10-050  grs.  gave  4*86  grs.  Ag=  48*35  per  cent 
9-745       „         4-72       „      =48*38       „ 

(4.)  Prepired  by  mixing  solutions  of  ammonium  meconate  and 
silver  nitrate,  the   former  being   in   excess.     Precipitate   dried  at 

100*  c. 

10-215  gtB,  gave  5*195  grs.  Ag  =  50-85  per  cent 
9-310        „         4*705        „      =50  53       „ 

*  Gmelin's  Handbook,  xii.  428. 
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(5.)  Prepared  by  mixing  solutions  of  meconic  acid  and  nitrate  of 
silver,  tbe  resulting  precipitate  being  dried  at  120°  C. 

6-46  grs.  gave  3*42  gre.  Ag  =  52*94  per  cent 

(6.)  Prepared  by  adding  argentic  nitrate  to  solution  of  neutral 
mc  conate  of  ammonia.     Dried  at  1 20®  C. 

8-035  grs.  gave  3*385  grs.  Ag  =  42*12  j^er  cent 

(7.)  Prepared  in  tbe  same  way  as  the  preceding. 

12*410  grs.  gave  5*705  grs.  Ag='45  97  per  cent 

(8.)  Prepared  by  mixing  solutions  of  silver  nitrate  and  neutral 
morphia  meconate.     Precipitate  dried  at  120®  C. 

6*11  gr&  gave  3*41  grs.  Ag«=  55*81  per  cent 

(9.)  A  quantity  of  argentic  meconate  prepared  by  precipitation 
was  boiled  for  a  few  hours  with  water,  the  residue  then  dried  and 
ignited. 

6*075  grs.  gave  3*785  grs.  Ag=  56*45  per  cent 

(10.)  Another  portion  of  the  same  salt  was  boiled  in  water  for 
twenty-four  hours. 

2*840  grs.  gave  1*725  grs.  Ag=  60*73  per  cent. 

(II.)  Another  portion  boiled  for  forty  hours,  and  the  residue 
similarly  ignited. 

6*065  gra  gave  5*390  grs.  Ag  =  88*87  per  cent 

(12.)  A  quantity  of  argentic  meconate,  formed  by  n)ixing  solu- 
tions of  nitrate  of  silver  and  meconate  of  ammonia,  was  boiled 
with  water  for  forty  hours  and  the  resultant  substance  ignited. 

3*67  grs.  gave  2*84  grs.  Ag=  77*38  per  cent 
AgC7H307  =  35*17  Ag  per  cent 
Ag2CrH207  =  52  17 
Ag3C7H07  =  62  18 

When  the  experimental  results  above  described  are  compared 
with  the  numbers  just  given,  it  will  bo  noticed  that  in  no  case  do 
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the  figures  correspond,  while  in  Noa  11  and  12  the  percentage  of 
silver  is  far  above  that  required  for  the  triargcntic  salt  Wacken- 
loder*  appears  to  have  been  the  first  to  afford  the  information  that 
a  tnbasic  meconate  of  silver  is  produced  by  precipitation,  when  the 
ammonium  meconate  is  used,  and  that  the  same  salt  is  formed  by 
boiling  the  diaigentic  meconate  with  water.  These  statements, 
though  generally  accepted  as  correct,  are  not  borne  out  by  anything 
I  have  observed.  Doubtless,  if  in  boiling  the  meconate  of  silver 
with  water  the  operation  be  stopped  at  a  certain  point,  the  product 
will  have  apparently  the  composition  of  the  triargentic  salt ;  but 
then,  if  the  boiling  be  continued,  the  percentage  of  silver  increases, 
until  probably  there  is  nothing  but  oxide  of  silver  left.  There  is 
therefore  no  evidence  that  a  tribasic  meconate  has  been  prepared, 
and  we  are  not^  so  far  as  I  can  see,  in  possession  of  any  information 
which  should  lead  us  to  suppose  that  meconic  acid  is  tribasic. 


3.  On  the  Crystallization  of  Silica  from  Fused  Metals.     By 
R.  Sydney  Marsden,  D.Sc,  F.Ii.S.E.,  F.  Inst.  Chem.,  &c. 

The  crystallization  of  silica  from  fused  metals,  although  at  first 
sight  appearing  to  be  of  little  importance,  nevertheless  presents 
some  features  of  peculiar  interest  It  also  constitutes  a  field  almost 
entirely  new  to  the  investigator,  though  the  subject  is  one  which, 
from  a  technical  point  of  view,  may  prove  to  be  of  very  consider- 
able importance. 

1  have  therefore  undertaken  the  examination  of  some  of  the  facts 
relating  to  this  subject — at  first  more  particularly  inquiring  into  the 
nature  of  the  change  which  occurs  when  silica  itself  is  kept  at  a 
high  temperature  for  a  number  of  hours  and  subsequently  submitted 
to  8  process  of  very  slow  cooling. 

The  substance  which  formed  the  basis  of  these  operations,  and  in 
which  the  changes  hereafter  meutioned  were  noticed,  consisted  of 
KTeral  Berlin  porcelain  crucibles,  in  which,  in  the  course  of  some 
other  experiments,  I  had  reason  to  keep  metallic  silver  and  amor- 
phous carbon  at  a  temperature  considerably  above  the  melting 
point  of  the   former,  for  a  number  of  hours,  and  subsequeutly 

*  Ginelin's  Haiidl)ook,  xii.  430. 
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submit  them  to  a  cooling  process  exteodiDg  over  some  twelve  or 
fourteen  hours. 

Whilst  pursaing  the  other  experiments,  on  dissolving  the  silver 
afterwards  in  nitric  acid,  it  yielded  from  its  interior  a  number  of 
very  beautiful  l&minffi  or  leaf-shaped  crystals  of  the  hexagonal 
system,  and  varying  in  colour  from  light  yellow  to  dark  brown  or 
even  black,  which  at  first  sight  I  mistook  for  graphite,  formed  by 
the  solution  of  the  carbon  in  the  silver  and  crystallizing  out  from  it 
in  this  characteristic  form. 

There  were  also  present  a  number  of  other  crystals  in  the  form 
ot  hexagonal  prisms  or  crystalline  aggr^ates,  but  these  were  in 
many,  if  not  in  all  cases,  perfectly  colourless  and  transparent.  It 
may  be  menticucd  that  some  of  them  appeared  to  possess  the 
curved  form  sometimes  met  with  in  qnar^ 
and  given  ui  fig  A. 

Neither  hydrochloric  acid  nor  nllric  acid 
had  any  action  upon  them,  but  on  treating 
them  with  boiling  hydrofluoric  acid  for  some 
time,  they  quietly  dissolved,  and  the  same 
thing  occurred  when  they  were  boiled  with 
a  strong  solution  of  caustic  potash. 

This  perplexed  mo  at  first  with  regard 
to  the  leaf-like  forms,  for  it  was  perfectly 
clear  that  they  were  not  graphite,  and  I  could  not  find  that  silica 
was  known  to  crjstallize  in  that  manner.  It  was  evident  the  silver 
must  therefore  have  been  in  contact  with  the  porcelain  crucible,  and 
these  crystals  in  this  way  derived  from  it. 

The  thing  to  be  done  then  was  to  have  some  microscopic 
sections  made  of  the  different  crucibles, — first  of  one  which  had 
not  been  heated,  and  then  of  those  which  had  been  used  in  the 
cx^ieriments  in  order  to  see  what  olfect  the  heat  had  had  upon 
them.  In  this  way  it  was  possible  to  compare  the  two  side  by  side, 
and  what  I  found  was  this,  that  the  alumina  portion  of  the  crucible 
hail  undergone  little  or  no  change,  but  that  the  glaze  of  the  crucible, 
consisting  of  silica,  which,  in  the  original  conditiun,  was  in  a  per- 
fectly homogeneous  and  vitreous  stat«  after  the  heating,  litid  become 
imc  mass  of  little  crystals  in  the  form  of  hexagonal  prisma  Here 
tlien  was  a  clue  to  what  these  unknown  crystals  were,  namely,  siltca. 
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The  prismatic  crystals  were  evidently  derived  from  this  source, 
and  simply  occiirred  dlfiPused  through  the  silver  by  having  been 
taken  in  through  the  action  of  convection  currents,  which  still 
operated — after  they  had  been  produced  through  the  cooling  of  the 
filica  to  the  temperature  necessary  for  their  formation — whilst  the 
silver  yet  remained  in  a  perfectly  liquid  condition. 

The  leaf -like  crystals,  it  was  easily  to  be  conceived,  were  from 
the  same  source ;  but  the  question  naturally  arises,  as  to  what  led 
the  portion  of  the  silica  of  which  they  were  composed  to  crystallize 
in  this  peculiar  graphite-like  form  instead  of  in  its  usual  prismatic 
one,  as  it  had  done  in  the  glaze  of  the  crucible,  where  it  had  not 
been  in  contact  with  the  metal  ? 

To  account  for  this,  it  is  conceivable  that  here  we  had  silica  in 
quite  a  different  state  from  what  it  is  when  heated  by  itself — 
namely,  in  a  state  of  sohdion^  in  the  silver  (not  suspension),  and 
that  in  this  condition  of  solution  it  is  capable  of  undergoing  what 
we  may  designate  as  a  molecular  disaggregation,  owing  perhaps  to 
some  influence  of  the  silver,  and  thus  to  be  capable  of  arranging 
it^lf  in  these  new  forms. 

At  first  I  thought  that  possibly  these  crystals  might  be  composed 
of  silicide  of  silver,  for  it  is  stated  ("  Watts's  Dictionary,"  vol.  v. 
p.  241)  that  "  silica  is  decomposed  by  carbon  in  the  presence  of 
silver  at  a  white  heat,  carbonic  acid  and  a  silicide  of  silver  being 
formed." 

Be  this  as  it  may,  these  experiments  do  not  appear  to  confirm  this 
statement;  for  although  they  were  conducted  at  a  temperature  a 
little  above  the  melting  point  of  steel,  yet,  on  testing  the  solution 
of  these  crystals  for  silver,  it  was  not  possible  to  detect  the  slightest 
trace  of  that  metal 

Their  colour  I  believe  to  be  due  either  to  amorphous-carbon  in 
a  state  of  extremely  minute  division  being  disseminated  through 
them,  or  perhaps  to  the  presence  of  a  very  slight  trace  of  iron 
which  might  be  derived  from  the  other  part  of  the  crucible.  Accom- 
I^ying  this  paper  are  some  sketches  showing  the  beautiful  form 
^nd  colour  of  several  of  these  crystals,  and  in  which  they  are 
^n^ged  about  320  diameters. 

A  study  of  the  crystallization  of  silica  from  iron,  and  the  effects 
^hich  it  produces  in  so  doing,  seems  likely  to  yield  some  results  of 
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%  most  interesting  nature.     While  the  subject  of  the  solntJon  of 
different  bodies  in  fosed  metals,  although  up  to  the  present  time  it 


appears  to  have  been  almost  entirely  n^Iectod,  will  also  probably 
yield  a  rich  liarvest,  and  explun  to  us  many  things  which  an  at 
present  but  imperfectly  understood. 

The  further  development  of  this  research  is  in  progress. 


4  On  Phosphor 


J  Betaines.    By  Professor  E.  A.  Letts, 

(Ahstract.) 


The  experiments  of  Professor  Ctum  Brown  and  the  author  on  the 
"  Thetines "  and  their  derivatives*  have  clearly  shown  that  very 
striking  analogies  exist  between  certain  compounds  of  nitrogen  and 
sulphur.  Thus  sulphide  of  methyl  closely  resembles  trimethyl- 
amine  (and  ammonia),  in  many  of  its  reactions,  and  in  the  prodncta 
which  it  gives  rise  to.  Like  trimethylamine  it  combines  with  a 
molecule  of  bromacetic  acid,  and  the  resulting  product,  which 
was  named  hydrobiomate  of  di  methyl -thetiiie,  behaves  in  certain 
respects  like  the  compound  of  bromacetic  acid  and  trimethylamine 
(hydrobromat«  of  betaine). 

Analogous  phosphorus  compounds  have  been  obtained :  in  the 
ethyl  series  by  Hofmann,!  in  the  methyl  series  by  A.  H.  Meyer.l 
The  latter  compound  is  simply  the  betaine  salt  in    which    the 

•  Trftni.  Roy.  Sot  Ed.  xiviii. 

t  A.  W.  Hofnano,  *'  Proc.  Roy.  Son.  Lond."  li. 

;  A.  H.  Meyer,  "llerichte  il.  deaUch.  uhem.  0^"  ir.  78*. 
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nitrogen  is  replaced  by  phosphoros^  and  may  be  called  a  salt  either 
of  fha^phoTus^betaine  or  of  irimethyl-phosphonts-hetaine.  In  the 
paper  before  alluded  to  by  Professor  Crum  Brown  and  the  author, 
the  opinion  was  expressed  that  the  compounds  of  thetine  would  pro- 
bably show  greater  analogies  with  these  bodies  than  with  the  com- 
pOQiids  of  betaine  itsell 

The  author^s  experiments  were  undertaken  with  the  view  of 
iMtmg  the  correctness  of  this  opinion. 

As  the  phoephoros  betaines  had  only  been  subjected  to  a  cursory 
examination  by  Hofmann  and  Meyer,  it  was  deemed  essential,  in 
the  first  place,  to  prepare  them  in  the  pure  state  and  in  large 
quantities,  and  to  determine  their  chief  properties.  This  has  been 
done,  but  has  necessitated  a  large  expenditure  of  time,  owing  to  the 
difficulties  experienced  in  preparing  the  material  necessary  for  the 
lesearclL  The  author's  first  experiments  were  made  in  the  methyl 
series,  but,  owing  to  the  difficulty  he  experienced  in  preparing  the 
necessary  trimethyl-phosphine,  it  was  decided  to  operate  in  the 
ethyl  series. 

The  triethyl-phosphine  was  prepared  by  Hofmann  and  Cahours' 
method,  viz.,  by  treating  zinc  ethyl  with  terchloride  of  phosphorus. 
This  method  the  author  has  found  to  give  excellent  results,  and 
recommends  it  as  far  more  certain  than  the  later  process  which 
Hofinann  discovered,  viz.,  heating  alcohol  to  180°  with  phosphonium 
iodide. 

The  earlier  attempts  which  the  author  made  to  prepare  the  com- 
ponnds  of  phosphorus  betaine,  were  made  with  bromacetic  acid  and 
triethyl-phosphine,  but  without  success.  An  interesting  body  was 
however  obtained,  which  will  be  described  in  another  communication. 
Action  of  Chlorcicetic  Acid  on  Triethyl-phosphine, — Triethyl- 
phosphine,  when  added  cautiously  to  chloracetic  acid,  dissolves  the 
latter,  and  on  shaking  the  mixture  a  dense  oily  layer  separates ; 
much  heat  is  evolved,  and  it  is  necessary  to  cool  the  vessel  in  which 
the  operation  is  conducted  by  immersion  in  cold  water.  If  the 
experiment  is  properly  conducted,  the  oily  liquid  solidifies  in  about 
an  hour  to  a  mass  of  colourless  crystals.  This  is  easily  soluble  in 
alcohol,  but  is  precipitated  in  long  colourless  needles  by  the  cautious 
addition  of  ether  to  the  hot  solution. 
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The  analysis  of  the  body  thus  purified,  and  of  its  chloroplatinate, 
leaves  no  doubt  as  to  its  composition.  It  is  the  hydrochloiate  of 
triethyl-phosphorus-betaine,  (C8HiyP02)HCl,  formed  by  the  direct 
union  of  one  molecule  of  chloracetic  acid  with  one  of  triethyl- 
phosphine 

P(CA)s  +  Cl-CHj-COOH  =  (CA)»=Pi:2f  *~^*^*^^ 

Contrary  to  expectation  and  to  Hofmann's  statement,  it  is  not 
perceptibly  deliquescent,  and  may  be  exposed  to  the  air  for  days 
without  liquefying.     It  has  a  sour  taste  and  acid  reaction. 

Its  chlorqplatinate,  (CgH|^P02HCl)^tCl4,  forms  somewhat  soluble 
crystals  of  a  light  orange  colour,  which  may  be  obtained  of  large 
size. 

The  sulphate^  (C8Hi^P02)2S04,  obtained  by  acting  on  the  hydro- 
chlorate  with  sulphate  of  silver  and  evaporating  the  solution  in 
vacttOf  forms  a  solid  crystalline  mass.  It  was  not  analysed  owing  to 
its  deliquescence. 

The  base,  (C8Hi7P02)OH,  was  obtained  from  the  hydrochlorate  by 
the  action  of  oxide  of  silver  and  subsequent  evaporation  of  the 
solution  in  vacuo  It  is  crystalline  but  extremely  deliquescent. 
Exposed  for  some  months  m  vacuo  over  sulphuric  acid,  it  loses  a 
molecule  of  water,  and  is  converted  into  the  anhydrous  base**^ 

The  anhydrous  base  was  analysed. 

Ethyl-chlorate  of  Triethyl-phosphorus-hetavne,  —  According  to 
Hofmann  (Zoc.  ciL)  chloracetic  ether  combines  with  triethyl-phos- 
phine  with  the  evolution  of  heat,  and  formation  of  a  brownish 
liquid  of  considerable  consistency.  On  repeating  this  experiment 
the  author  obtained  a  colourless  syrup  which  solidified  after  a  few 
minutes  to  a  colourless  crystalline  mass. 

The  ethyl-chlorate  thus  obtained  is  extremely  deliquescent,  and 
cannot  be  recrystaUised. 

Its  composition  was  verified  by  the  analysis  of  its  platinum  salt, 

*  Tho  base  dimethyl-thetino  behaves  in  a  similar  manner. 
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which  is  easily  obtained  in  light  orange-coloured  plates  on  mixing 
aqueous  solutions  of  the  ethyl-chlorate  and  chloride  of  platinum. 
It  is  somewhat  soluble,  and  may  be  recrystallised  from  boiling 
water.    Its  composition  is  represented  by  the  formula. 

(CgH^^POj .  Cfi,  .  Cl)2PtCl, 

Adian  of  Oxide  of  Silver  on  EthyJrchloraie  of  Tnethyl-pJiosphorua- 
hdaine. — ^Hofmann  states  {loe,  cit)  that  the  following  reaction  occurs 
when  oxide  of  silver  acts  on  the  ethyl  chlorate. 

(C,Hs),=PZ^^~^°°^>^»  +  AgOH  - 
(CA)^I'II^^^^  +  C  AOH  +  AgCl 


The  author  finds  that  this  statement  is  correct,  but  noticed  that 
when  the  two  bodies  are  mixed  (in  aqueous  solution)  a  strong 
smell  of  acetic  ether  is  developed.  He  thinks  it  probable  that  a 
second  reaction  occurs  which  may  be  represented  thus — 

(1.)  (C,H5),=P_Q^2-COOC,H5  ^  ^Qjj  ^ 
(C,H,)3=P— ^^^-^^^^^H,  ^  AgCl 

(2.)  (C,H5)^PZ^^'""^^^*^»  -  (C,H8),^P0  +  H-CH,COOCaH, 


Ethylrbromate  and  Ethyl-iodcUe  of  Tneikyl-phosphorus'-hetaine 
were  obtained  by  the  direct  union  of  bromacetic  and  iodacetic  ether 
with  triethyl-phosphine :  they  resemble  the  ethyl-chlorate  in  their 
properties  and  reactiona 

Action  of  Heat  on  the  compounds  of  Triethrjl-phosphorus-betaitie, — 
In  his  paper  on  the  action  of  heat  on  the  compounds  of  dimethyl- 
thetine*  the  author  showed  that  the  latter  experience  two  kinds 
of  decomposition  when  heated :  the  haloid  salts  yield  thio-digly- 
colHc  acid  and  a  compound  of  trimethyl-sulphine,  whilst  the  oxy 
•alts  split  up  into  carbonic  anhydride  and  a  salt  of  trimethyl- 
nlphine. 

*  Tnafl.  Boy.  See.  Ediu.  vol.  xxviii. 
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Thus  the  hydrochlorate  and  hydrate  decompose  in  the  following 
manner : — 

(1.)  2|^CH3)2Z:Si;^j^2""^^^^1  ^(CHj)^^^^ 

(2.)     (CH3)2-SZgg2-COOH    ^  (CH3)3SOH  +  CO^ 

The  author  has  investigated  the  action  of  heat  on  the  compounds 
of  triethyl-phosphorus-betaine  to  ascertain  whether  they  would 
behave  like  the  thetine  compounda 

Adiofi  of  Heat  on  Ethyl-bromate  of  Triethy!-pho8p?u)rus-bdaine, 
— The  ethyl-bromate,  when  heated,  fuses,  effervesces,  grows  brown, 
and  solidifies  after  some  time.  When  this  has  occurred  but  little 
more  gas  is  evolved.  The  solid  product  may  be  crystallised  from 
chloroform,  and  its  analysis  shows  that  it  is  the  bromide  of 
triethyl-methyl-pho8phonium(C2H5)5(CH3)PBr.  The  chloroplatinate 
obtained  from  it  by  the  action  of  oxide  of  silver,  and  then  of 
chloride  of  platinum  on  the  filtered  solution,  crystallises  in  very 
characteristic  orange-coloured  octohedra  with  truncated  edges. 
The  formula 


((CA)3(CH3)PCiytCl, 


was  verified  by  analysis. 

The  gas  evolved  consists  in  large  measure  of  carbonic  anhydride. 
The  ethyl-chlorate  behaves,  when  heated,  like  the  ethyl-bromate, 
yielding  chloride  of  triethyl-methyl-phosphonium.  The  author  care- 
fully examined  the  gaseous  products  of  the  reaction,  and  found  that 
they  consisted  mainly  of  carbonic  anhydride  and  ethylene.  The 
decomposition  which  the  ethyl-chlorate  suffers  when  heated,  may  be 
represented  by  the  equation 


"  >- 


and  that  of  the  ethyl-bromate  in  a  similar  manner. 

Action  of  Heat  on  Hydrochlorate  of  Triethyl-pJiosphorus-betaine. — 
The  action  of  heat  on  the  hydrochlorate  is  much  more  definite  than 
in  the  case  of  the  bodies  just  mentioned.     The  hydrochlorate,  when 
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heated,  f nsea,  efferyesces,  and  suddenly  solidifies,  giving  a  pure  white 
product  The  gas  evolved  consists  of  pure  carhonic  anhydride.  The 
decomposition  occurs  quantitatively  according  to  the  equation 


The  composition  of  the  phosphonium  salt  was  verified  by  the 
characteristic  crystalline  form,  and  by  the  analysis  of  its  chloro- 
platinate. 

Action  of  Heat  on  Sulphate  of  Triethyl'pfiosphorua'hetavrm. — 
The  sulphate  behaves,  when  heated,  in  the  same  manner  as  the 
hydrochlorate,  the  products  of  its  decomposition  consisting  of 
carbonic  anhydride  and  sulphate  of  triethyl-methyl-phosphonium. 

Action  of  Heat  on  the  Base  Tritthyl-phoephoruB-betaine, — The 
decomposition  which  the  base  suffers  when  heated  is  very  in- 
teresting. 

When  preparing  the  base  it  was  noticed  that,  if  its  aqueous 
solution  be  concentrated  by  boiling,  a  faint  odour  of  triethyl- 
phoephine  is  developed,  and  that  when  the  concentrated  solution  is 
placed  in  vacuo  it  effervesces  and  eventually  solidifies. 

It  now,  when  treated  with  acids  (even  tartaric  acid),  effervesces, 
and  has  a  faint  acid  reaction.  In  fact,  it  behaves  as  a  bicarbonaie, 
and  there  can  be  little  doubt  that  the  base  when  heated,  suffers  an 
isomeric    change  —  bicarbonate    of    triethyl-methyl-phosphonium 

lemlting — 

/p  Tj  \  — -p — CHj     COOH      /p  "u  \  — T> — CH- 

The  production  of  the  phosphonium  salt  was  proved  by  the 
analysis  of  the  chloroplatinate,  as  well  as  by  the  characteristic 
crystalline  form  of  the  latter. 

The  experiments  just  described  show  that  a  close  and  interesting 
analogy  exists  between  the  compounds  of  phosphorus  betaine  and  of 
tbetine. 

This  is  the  more  interesting,  as  the  same  analogies  do  not  exist 
^ween  these  two  classes  of  compounds,  and  the  corresponding 
nitrogen  compound  (betaine),  the  salts  of  the  latter  when  heated 

VOU  XL  o 
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aufforiug  dissociation  into  trimethylamine  and  a  derivature  of  acetic 
acid,  or  simply  volatilizing  without  change. 

The  predictions  of  Dr  Crum  Brown  and  the  author  have  thus  been 
verified. 


5.  On  the  Action  of  Haloid  Compounds  of  Hydrocarbon  Radi- 
cals on  Phosphide  of  Sodium  and  on  the  Salts  of  Tetra- 
Benzyl-Phosphonium.  By  Professor  Letts  and  N»  Collie, 
Esq. 

{A  bstract ) 

The  difficulty  of  preparing  tertiary  phosphines  either  by  heating 
alcohols  with  phosphonium  iodide  or  by  acting  on  zinc  ethers  with 
terchloride  of  phosphorus,  of  which  we  have  had  much  experience, 
induced  us  to  seek  for  other  and  less  troublesome  methods  for  obtain- 
ing these  bodies  in  considerable  quantity. 

The  ease  with  which  phosphorus  combines  with  certain  metals,  and 
the  readiness  with  which  the  resulting  compounds  react  on  haloid 
ethers  of  hydrocarbon  radicals  led  us  to  think  that,  if  only  com- 
paratively pure  metallic  phosphides  could  be  obtained  by  a  simple 
process,  we  should  have  no  difficulty  in  preparing  the  tertiary 
phosphines  and  phosphonium  compounds. 

This  is  no  new  notion, — all  the  earlier  experiments*  to  obtain  phos- 
phines having  been  made  by  the  action  of  metallic  phosphides  on  the 
chlorides  and  iodides  of  hydrocarbon  radicals.  Hofmann  employed 
sodium  phosphide,  but  eventually  gave  up  the  method  on  account  of 
the  uncertainty  of  the  reaction,  the  frequent  explosions  in  operating 
on  the  phosphide  of  sodium,  and  the  great  difficulties  experienced 
in  separating  the  resulting  phosphines  from  each  other,  '*  not  to 
speak  of  the  difficulty  of  obtaining  the  phosphide  of  sodium  fit  for 
the  reaction." 

In  experiments  which  we  have  made  with  this  method  in  the  ethyl 
and  benzyl  series  we  have  not  experienced  the  difficulties  of  which 
Hofmann  and  others  {-peak. 

♦  Paul  Thcnard,  "Compt.  Kcnd.,"  xx.  144,  and  xxv.  892;  Bcrl^,  "  Journ. 
flirprak.  Clicm./'  66,  73  ;  Caliours  und  Hofmann,  "Ccuipt.  llend.,**  xli.  818  ; 
DrecliBcl  and  Finkelsttiin,  *'  liv.v.  dcut.  (heiii   Oes.,"  iv.  362. 
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Our  reaoarches  on  the  action  of  iodide  of  ethyl  on  phosphide  of 
sodium  are  still  proceeding,  but  those  on  the  action  of  chloride  of 
benzyl  on  the  same  body  are  sufficiently  advanced  to  warrant  us 
drawing  attention  to  them. 

The  preparation  of  phosphide  of  sodium  is  accomplished  with- 
out difficulty  or  danger  by  melting  sodium  in  xylol  and  adding 
phosphorus  in  small  pieces.  It  depends,  however,  entirely  on 
the  manner  in  which  the  phosphide  is  made,  and  on  the  pro- 
portions of  phosphorus,  sodium,  chloride  of  benzyl  and  xylol 
taken  as  to  the  quantity  and  nature  of  the  resultj^ig  phosphine 
compounds. 

The  chief  product  of  the  reaction  is  the  chloride  of  tetra-beniyl- 
phosphonium,  which  is  probably  formed  according  to  the  equation 

4  C7H7CI  +  Naj^  =  3  Naa  +  (Cjllj)J^C\, 

but  the  quantity  formed  may  in  an  ill  conducted  experiment 
be  as  low  as  1  per  cent,  of  the  theoretical  amount,  whereas  with 
proper  proportions  of  the  substances  giving  rise  to  it  we  have 
succeeded  in  obtaining  over  40  per  cent,  with  certainty. 

The  proportions  and  exact  method  of  procedure  we  propose  to 
give  in  another  paper,  contenting  ourselves  for  the  present  by  saying 
that  it  is  possible  to  prepare  60  grammes  of  almost  pure  chloride  of 
tetrarbenzyl-phosphonium  in  about  five  hours.  We  believe  that  this 
result  could  not  be  obtained  by  either  of  the  ordinary  methods  for 
preparing  phosphine& 

Hofmann*  lias  investigated  mono-  and  di-benzyl  phosphine,  but 
80  far  as  we  are  aware  tri-benzyl-phosphine  and  the  salts  of  tetra- 
bunzyl-phosphonium  have  not  hitherto  been  obtained. 

Chloride  of  ietra'bemyl'p?wsph,onium,  {C>jH>f)^FCl,  is  dissolved  out 
of  the  product  of  the  action  of  chloride  of  benzyl  on  phosphide  of 
Hodium  by  boiling  water  and  crystallises  when  the  filtered  aqueous 
solution  cools  in  magnificent  needles  which  may  attain  the  length  of 
an  inch  and  a  half. 

By  recrystallisation  from  boiling  water  it  may  be  obtained 
colourless  and  pure.  It  contains  water  of  crystallisation  which  it 
W«  when  heated.     The   dried   compound  melts  at  about  224'- 

•  Hofmann,   '*  Ber.  deut.  Chciii.  Gus.,"  iv 
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225*  C.  (unoor.).  Its  composition  was  verified  by  determinations  of 
carbon,  hydrogen,  and  chlorine. 

Chloroplaiinate  oftetra-henzyl^hoaphoniumy  2(C7H4)4PCl,PtCl4. — 
Mixed  with  chloride  of  platinum  the  preceding  body  yields  in  alco- 
holic solution  insoluble  leaflets  of  a  light  orange  colour,  in  aqueous 
solution  a  light  yellow  precipitate  of  the  chloroplatinate  of  tetra- 
benzyl-phosphonium. 

Its  formula  was  verified  by  determination  of  its  carbon  and 
hydrogen. 

The  chloroplatinate  is  very  slightly  soluble  in  water  and  alcohol. 

Add  sulphate  of  tetra-benzyl-phosphonium,  {C^K^)^VH.SO^. — Up 
to  the  present  time  the  normal  sulphate  has  not  been  obtained.  The 
acid  sulphate  is  formed  either  by  treating  a  solution  of  the  chloride 
with  sulphate  of  silver,  or  warming  the  dry  chloride  with  strong 
sulphuric  acid.  It  is  more  soluble  than  the  cliloride,  and  separates 
in  plates  from  a  hot  and  somewhat  concentrated  aqueous  solution. 

Its  analysis  (carbon,  hydrogen,  and  sulphuric  acid)  showed 
that  it  has  the  componition 

(aH7),PHS0, 

It  is  remarkable  that  the  acid  sulphate  is  obtained  from  the 
chloride  and  sulphate  of  silver  instead  of  the  normal  sulphate. 

Action  of  Caustic  Baryta  on  Acid  Sulphate  of  Tetra-Bemyl-Phos- 
phonium, — The  action  which  occurs  when  solutions  of  these  two 
bodies  are  mixed,  varies  in  a  remarkable  manner  with  the  condi- 
tions of  the  experiment. 

In  our  earliest  attempt  to  prepare  the  hydrate  of  tetra-benzyl- 
posphonium  by  this  reaction,  we  failed  to  obtain  any  body  easily 
soluble  in  water  as  we  expected  the  hydrate  would  be.  On  repeat- 
ing the  experiment  we  however  obtained  an  easily  soluble  body 
which  turned  out  to  be  the  hydrate,  but  on  attempting  to  prepare 
more  of  it  we  were  again  unsuccessful. 

We  found,  however,  that  although  no  body  soluble  in  water  was 
formed,  boiling  alcohol  took  up  from  the  precipitated  sulphate  of 
barium  a  considerable  quantity  of  a  substance  which  was  deposited 
in  crystals  as  the  solution  cooled. 

Later  experiments  have  shown  us  that  the  hydrate  is  only  formed 
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when  very  dilute  solutions  of  the  acid  sulphate  and  caustic  baryta 
are  taken,  whilst  on  the  other  hand  the  insohible  body  appears  to 
be  the  only  product  when  concentrated  solutions  are  employed. 

The  analysis  of  the  insoluble  product  led  us  to  the  very 
unexpected  result  that  it  was  the  oxide  of  tri-beuzyl-phosphine. 
The  formation  of  this  body  is  only  intelligible  on  the  assumption 
that  it  arises  from  the  breaking  up  of  the  hydrate,  and  that  toluol 
is  produced  along  with  it — 

(C7H7)4POH  =  (C^7)3PO  +  CyHg . 

That  this  is  the  explanation  of  its  formation  was  easily  verified  by 
mixing  the  solutions  of  the  acid  sulphate  and  caustic  baryta  in  a 
distilhng  flask  connected  with  a  condenser,  and  boiling  the  mixture. 

An  oily  liquid  passed  over  which  was  lighter  than  water,  and  had 
all  the  properties  of  toluol,  and  its  amount  agreed  with  the  quantity 
demanded  by  theory.  This  reaction  which  we  have  described  is 
perfectly  anologous  to  the  behaviour  of  tetrethyl  phosphonium 
hydrate  when  heated* 

(C,H4),P0H  =  (CjH5)8PO  +  C,H,  . 

But  we  think  it  remarkable  that  the  hydrate  of  tctra-benzyl  phos- 
phonium should  break  up  so  easily. 

Hydrate  of  tetra-heym/l-phosphonium. — This  body  is  obtained 
when  boiling  solutions  of  the  acid  sulphate  and  caustic  baryta  are 
mixed — provided  as  just  stated  the  solutions  be  very  dilute.  It 
separates  from  the  solution  filtered  off  from  the  sulphate  of  barium, 
(fonned  at  the  same  time)  after  considerable  concentration,  which 
ve  always  effected  hy  boUiTig. 

The  hydrate  is  very  soluble,  and  crystallises  easily  in  transparent 
tables  of  striking  refractive  power.  Its  composition  was  verified  by 
determinations  of  hydrogen  and  carbon. 

Like  other  soluble  compounds  of  tetra-benzyl-phosphonium  the 
hydrate,  even  in  very  dilute  solutions,  is  precipitated  by  hydrochloric 
acid,  the  chloride  resulting. 

We  are  engaged  in  preparing  other  salts  of  tetra-benzyl-phos- 
phonium, and  in  investigations  on  them,  especially  the  action  of 

•  Hofniann,  »'Phil.  Trans.,"  1857. 
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heat,  which  in  one  or  two  cases  has  abeady  given   interesting 
results. 

We  propose  also  to  stady  the  action  of  phosphide  of  sodium  on 
other  haloid  derivatives — especially  on  chloride  of  phenyl 


6.  Notice  of  an  Easy  Method  for  determining  the  Position  of 
the  Principal  Focus  of  an  Object-Glass.     By  Edward  Sang. 

Just  as  the  past  progress  of  astronomy  has,  in  a  great  measure, 
been  due  to  the  improved  construction  of  our  instruments,  so  its 
future  progross  must  depend  much  on  the  accurate  confection  of 
our  telescopes,  and  most  of  all  on  the  excellence  of  the  ohject- 
glasses. 

In  the  actual  formation  of  a  compound  lens,  after  the  thicknesses 
and  curvatures  have  been  fixed,  we  have  to  make  the  tools  to  the 
proper  shapes  and  with  those  to  grind  and  polish  the  glass.  It  is 
impossible,  even  with  the  greatest  care,  to  bring  the  workmanship 
so  close  to  the  computations  as  that  appreciable  differences  may 
not  be  found,  and  hence  the  finished  lens  hardly  ever  comes  so 
near  to  our  expectations  as  that  it  may  not  be  necessary  to  teat  it 
by  actual  trial.  One  important  matter  to  bo  so  settled  is  the 
exact  position  of  the  principal  focus,  since  that  is  needed  for 
determining  the  length  of  the  tube. 

The  obvious  course  of  procedure  is  to  place  the  lens  in  a 
temporary  frame  and  to  direct  it  to  the  sun,  to  a  stair,  or  to  some 
very  remote  terrestrial  object.  This,  however,  requires  clear  air 
and  open  space  such  as  is  not  always  to  be  had  in  a  large  town. 
To  bring  the  whole  operation  within  the  limits  of  the  workshop  I 
have  had  recourse  to  the  following  expedient : — 

The  lens,  in  its  setting,  is  secured  against  the  surface  of  a  flat 
mirror  or  speculum,  and  is  set  up  on  a  table  of  sufficient  lengtL 
A  well  illuminated  object  is  then  placed  approximately  in  the 
focal  plane.  The  light  from  this  object,  after  having  passed  through 
the  lens  is  reflected  from  the  mirror  and  again  passes  through  the 
lens,  biing  converged  to  form  an  inverted  image. 

If  the  olvjoct  be  placed  within  the  focal  distance,  tho  image  will 
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be  fonned  beyond  ;  the  true  focal  distance  for  parallel  rays  being 
the  harmonic  mean  between  the  two.  Hence,  if  we  modify  the 
position  until  the  object  and  its  image  coincide,  we  shall  have  the 
exact  position  of  the  principal  focus ;  always,  however,  subject  to 
the  condition  that  the  mirror  be  quite  flat 

A  convenient  plan  is  to  draw  two  strong  lines  crossing  each  other 
on  a  piece  of  stiff  paper,  repeating  them  exactly  on  the  other  side, 
and  then  to  cut  the  paper  in  two  through  the  centre  of  the  cross ; 
using  only  the  one  part  The  exact  completion  of  the  half-cross 
by  its  image  is  a  severe  test  of  the  adjustment,  and  the  motion 
of  the  eye  across  the  field  at  once  detects  any  parallax.  A  hand 
eye-glass  of  say  one  inch  in  focal  length  should  be  used  in  the 
examination. 


7.  Note  on  the  Temperature  Changes  due  to  Compression. 

By  Professor  Tait. 

The  author  described  the  results  of  a  number  of  experiments,  made 
daring  the  examination  of  the  *'  Challenger ''  Deep-Sea  Thermo- 
meters, with  the  view  of  testing,  at  pressures  of  3  tons  weight  per 
aqoare  inch  and  upwards,  Thomson's  formula  for  the  heat  developed 
by  compression  (Proc.  Roy.  Soc,  1857,  p.  568). 

When,  for  instance,  the  bulb  of  one  of  the  thermometers  was 
surrounded  by  a  shell  of  lard  upwards  of  half  an  inch  thick,  the 
total  effect  produced  by  a  pressxire  of  3^  tons  weight  was  5"  F. ; 
while  for  the  same  pressure,  without  the  lard,  the  effect  was  only 
1**8  F.  The  temperati:^  of  the  water  in  the  compression  apparatus 
▼as  43**  F.,  so  that  the  temperature  effect  due  to  the  compression  of 
water  was  less  than  0**2  F.  In  obtaining  this  number  it  was 
•Momed  from  Kopp's  experiments  that  the  coefficient  of  expansion 
of  water  at  a  temperature  ^°  C,  near  its  maximum  density  point 

(roughly,  4*  C),  is  about  ^^7^-    Hence  the  effect  due  to  the  com- 

pression  of  the  lard  was  3° '4  F.,  or  about  1*  F.  per  ton  weight 
This  is  subject  to  corrections  (which  will  increase  its  value)  depending 
on  the  heat  developed  by  friction  in  the  pump  and  in  the  narrow 
connecting  tubes,  and  on  another  cause  not  yet  fully  ascertained. 


52  Proceedings  of  the  Royal  Society 

The  author  proposes  to  continue  these  experiments,  at  still  higher 
pressures,  with  a  modified  apparatus,  which  will  enable  him  to 
measure  the  temperature  effects  by  means  of  a  t]iermo«lectric 
junction.  The  present  process,  with  thermometers,  is  applicable 
only  to  liquids  and  to  semi-liquid  substances  like  lard. 

BUSINESS. 

Dr  G.  A.  Gibson  was  balloted  for,  and  declared  duly  elected  a 
Follow  of  the  Society. 


Monday,  VI th  Janiuiry  1881. 

PiiOFESSOR  FLEEMING  JENKIN,  Vice-President, 

in  the  Chair. 

The  following  Communications  were  read : — 

1.  Preliminary  Eeport  on  the  Tunicata  of  the  "Challenger" 
Expedition.     Part  III.     By  W.  A.  Herdman,  D.Sc,  F.LS. 

(By  permission  of  the  Lords  Commissioners  of  the  Treasury,) 

III.   CYNTHIADiE. 

This  family  includes  two  of  Savigny's  genera — Boltenia  and 
Cynthia y  and  may  be  defined  by  their  common  characters  if  we 
omit  or  modify  one  point  on  which  considerable  stress  is  usually 
laid,  namely,  the  number  of  lobes  round  the  branchial  and  atrial 
aperturea 

The  amended  definition  of  the  family  is  as  follows : — 
Body  attached,  sessile  or  pedunculated ;  apertures  four-lobed,  or 
having  less  than  four  lobes. 

Test  coriaceous  ;  rarely  cartilaginous  or  gelatinous. 
Branchial  sac  folded;    internal   longitudinal  bars  present,  no 
papillae ;  stigmata  straight  (rarely  absent). 
Tentacles  simple  or  compound. 


of  Edinburgh,  Session  1880-81. 


53 


In  the  ''  M^moires  sur  les  animaux  sans  vert^bres,"  the  geniis 
Qtfnihia  is  bioken  up  into  four  tribes,  viz.,  Oynthica  Simplices, 
GyfidMcB  Ccesircdf  Cyntkim  Styeke^  and  CynthicB  PandoeicB.  Of 
these  the  second  contains  only  one  species,  Cynthia  dionCj  which  does 
not  belong  to  this  family  but  to  the  Molgulid je.  Another  tribe, 
the  GynthicB  Pandoeice,  containing  three  species,  Cynthia  mytUigera^ 
C.  soleariSf  and  C7.  cinerea^  was  distinguished  from  the  Oynthice 
StyelcB  solely  by  the  position  of  the  ovary  in  the  intestinal  loop. 
B.  Hertwig  *  has,  however,  shown  that  the  body  which  Savigny 
took  for  the  ovary  is  really  merely  a  fold  of  the  lining  membrane. 
The  CynthuB  PandocuB  may  therefore  be  merged  in  the  Oynthice 
Sttfdoe.  The  remaining  two  of  Savigny's  tribes,  the  Oynthice 
^mpliees,  and  Oynthice  Styelce  are  natural  groups,  and  as  it  has 
been  necessary  to  divide  them  both  into  genera,  should  be  retained 
as  subfamilies  which  may  be  called  Oynthince  and  Stydince, 

To  these  I  add  a  third  sub-family,  the  BoUenince^  repiesenting 
the  old  genus  BoUenia^  and  including,  in  addition,  a  new  genus, 
Oukolus,  and  probably  also  Macleay's  Cystingia. 

The  following  table  shows  the  arrangement  of  the  sub-families 
And  genera  of  the  CYNTHiADiE. 

CYNTHIADJE. 


Branchial  wbc  hsTlng 
more  than  four  folds 
on  each  tide.  Ten- 
Uiclca  cranpocmd. 


Body  seaalle  or 
almost  aa 


Body  borae  on  the  end 
of  a  long  stalk. 


CnTBDIJB. 


BOLTEWINJB. 


ihai 


Branchial  sac  haylnff  four 
or  leas  than  four  folds  on 
each  side.  Tentacles 
simple. 


SrmvajiL. 


Doral  Ismina  Donal     lamina  Apertures  Apertures har-  Genitalia    Genitalia 

^*^t  plain  haringthemar-  four-lobed.  Ing  less  than     — simple  or      —numerous 

°^Q.    In-  gin       toothed.  Stigmata  four  lobes.  No     lobed  tubes,     polycarps. 

'otbe  form-  Inteatine  form-  present.  stigmata. 

^%  t  narrow  Ing     a     wide 


loop. 


^K'WWIIUU. 


Cfnthia, 


Bottenia. 


CuUoiu*. 


Stvela. 


Polpcarpa. 


•  Jenaische  Zeitachrift,  Bd.  viiL  p.  96. 
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MicroeosmuSf  Heller. 

This  genus  is  distiiiguished  from  Cynthia^  according  to  Heller,* 
by  the  possession  of  a  plain-edged  dorsal  lamina  and  a  narrow 
intestinal  loop ;  while  in  all  species  of  Cynthia  proper  the  dorsal 
lamina  is  denticulated  on  the  free  margin,  and  the  intestine  forms 
a  wide  loop. 

It  is  undoubtedly  convenient  to  separate  the  two  groups  of 
species,  and  they  form  very  natural  sections  of  Oynikta;  but 
whether  the  denticulation  of  the  dorsal  lamina,  and  the  amount  of 
curvature  in  the  intestine  are  sufficient  characters  for  the  formation 
of  a  separate  genus  is,  I  think,  rather  doubtful 

Microcosums. 


Branchial  sac  having 
six  folds  on  each 
side. 


M,  hclleri* 


Branchial  sac  haviiufl; 
seven  folds  on  each 
side. 


Surface  of  test  very 
rongh  and  irregular. 


M.  polyniarphus. 


Surface  of  test 
not  rough. 


Af,  propinquus. 


MicTocosmua  helleri^  n.sp. 
External  appearance, — Shape  longish,  elliptical,  with  a  projection 
at  the  anterior  end;  posterior  end  broad  and  rounded.  Attached  by 
a  small  area  at  the  posterior  end  of  the  ventral  edge.  Branchial 
aperture  at  the  anterior  end  of  the  dorsal  edge,  terminal,  on  a  large 
projection,  directed  anteriorly.  Atrial  aperture  on  the  dorsal  edge, 
two-thirds  of  the  way  down,  on  a  hemispherical  projection,  not 
so  prominent  as  the  branchial  aperture,  directed  dorsally  and  pos- 
teriorly. Surface  wrinkled  and  rough,  but  not  covered  with  ex- 
crescences ;  branchial  and  atrial  projections  much  corrugated  and 
thickened;  a  few  zoophytes,  polyzoa,  &c.,  adhering,  especially  on 

*  Heller,  Untersuchungen^iiber  die  Tunicaten  des  Adriatischen  und  Mittel- 
meeres,  iil  Abth.,  Wien,  1877,  p.  3. 
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the  left  aide  and  posterior  end.  Colour,  dull  gamboge  yellow,  with 
a  little  reddish-brown  at  the  posterior  end  and  the  left  side. 
Lmgth,  8  cm. ;  breadth,  4  cm. 

Test  leathery,  rather  thin  except  at  the  area  of  attachment  and 
on  the  siphons.  Inner  surface  white,  with  a  few  yellowish-brown 
pikhes. 

MoKUe  strongly  muscular  on  the  right  side  and  the  dorsal  part  of 
left,  membianoos  on  the  ventral  part;  musculature  strong  and 
Rgolar. 

The  muscular  band  at  the  base  of  the  branchial  siphon,  and  just 
above  the  tentacle  ring,  bears  four  large  bluntly  conical  processes 
projecting  into  the  lumen  of  the  tuba 

Branchial  9aA  with  six  folds  on  each  side.  The  alternate  trans- 
verse vessels  larger  than  the  intermediate  ones.  Internal  longi- 
tudinal bars  numerous,  eight  or  nine  on  the  folds  and  about  twelve 
on  the  interspace,  which  has  six  wide  and  six  narrow  rows  of 
meahes.    The  largest  meshes  have  each  six  to  eight  stigmata. 

Donal  lamina  plain. 

TefUadea  compound,  twenty  in  number,  large  and  small  alter- 
nately. 

Olfactory  tubercle  broadly  cordate,  both  horns  rolled  inwards. 

One  specimen  from  Station  188  (between  Australia  and  New 
Guinea),  28  fathoms. 

This  species  externally  is  not  unlike  Microcosmus  polymorphus, 
Heller,  but  differs  £rom  it  notably  in  having  only  six  folds  in  its 
branchial  sac,  in  the  condition  of  the  test,  and  in  having  projections 
n  tile  branchial  siphon  above  the  circlet  of  tentacles. 

Microcosmvs  poli/morphus,  Heller.* 

One  large  specimen  £rom  Station  162  (Bass'  Strait),  38  to  40 
iathoma 

Microcomnus  propinquusy  n.  sp. 

External  appearance, — Shape  oblong-ovate,  or  almost  triangular, 
^ttened  laterally ;  anterior  end  narrow,  dorsal  and  ventral  edges 

•  Heller,  loc  cU.  p,  e. 
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sloping  backwards  to  the  broad  and  rounded  posterior  end. 
Attached  by  the  posterior  two-fifths  of  the  ventral  edga  Branchial 
aperture  terminal,  on  a  large  projection  turned  ventrally  and  to  the 
left  side ;  atrial  aperture  also  prominent,  on  the  dorsal  edge,  three- 
fourths  of  the  way  down,  and  directed  dorsally.  Surface  wrinkled 
and  minutely  grooved,  but  not  covered  with  excrescences ;  some- 
what corrugated  round  the  apertures,  a  few  foreign  bodies  adhering. 
Colour  pale  yellow,  with  a  reddish-brown  tinge  here  and  there. 
Length,  7*5  cm. ;  breadth,  5  cm. 

Ted  leathery,  tough,  rather  thin.  Inner  surface  white  and 
glistening. 

Mantle  strongly  muscular  on  the  right  side;  membranous  over 
the  viscera.  A  narrow  membrane  projects  into  the  branchial  siphon 
above  the  tentacular  circlet ;  it  is  slightly  crenated,  but  does  not 
bear  large  conical  processes  as  in  if.  helleri. 

Branchial  me  with  seven  folds  on  each  side.  Internal  longi- 
tudinal bars  numerous  ;  about  six  on  the  folds,  and  the  same  num- 
ber on  the  interspaces.  Meshes  transversely  elongated,  containing 
each  about  twelve  stigmata;  generally  a  fine  transverse  vessel 
divides  the  mesh  horizontally. 

Dorsal  lamina  not  broad,  but  rather  thick ;  edge  plain. 

Endostyle  very  broad. 

Tentacles  about  twenty  in  number — six  large,  six  small,  and 
some  intermediate  very  minute  ones  not  present  in  all  the  inter- 
spaces. 

Olfactory  tubercle  irregularly  cordate ;  both  ends  turned  in. 

One  specimen  from  Station  162  (Bass'  Strait),  38  to  40  fathoms. 

This  species  is  nearly  allied  to  M.  helleri^  from  which  it  differs 
chiefly  in  having  fourteen  folds  in  its  branchial  sac  instead  of 
twelve,  and  in  the  condition  of  the  diaphragm  in  the  branchial 
siphon. 

Cynthia^  Savigny. 

This  genus  is  used  here  in  the  most  restricted  sense,  as  proposed 
by  Heller :  ♦ — 

*  Untersach.  li.  d.  Tun.  Adriat.  u.  Mlttchn.,  iii.  Abth.  p  9. 
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Branchial 

sac  with  six 

folds  on 

each  side. 


'Tentacles  simply  pinnate 

'  C^nmg  of  olfac- 
toxy  tubercle 
lateral;  horns 
much  coiled.    . 


CJissa. 


Tentacles 

much 
branched. 


Opening  of  olfac- 
tory tubercle 
anterior;  horns 
slightly  coiled. 


Branchial  sac  with  seven  folds  on  each  side 

eight 
nine 
eleyen 


11 
II 


*» 
I* 
II 


II 
»» 
II 


I* 
i» 


Languets 

borne  on 

a  broad 

lamina. 

Jjanguets 
not  TOme 

on  a 
lamina. 


C*  cerebri/ormis. 


•    C./ormosa. 


C,  arenoaa. 
C.  irregtdaris, 
C.  pallida. 
C.  hispida, 
C.  complanata. 


Cynthia  cerebriformisy  n.  sp. 

External  appearance, — Shape  irregularly  pyrifonn ;  anterior  end 
vide  and  bent  over  greatly  to  the  right  side,  which  is  concave,  while 
the  left  \&  prominent  and  convex ;  posterior  end  drawn  out  into 
&  short  stalk,  tapering  to  the  point  of  attachment  Apertures  not 
distant,  both  terminal,  at  the  anterior  edge  of  the  right  side,  slightly 
projecting,  directed  to  the  right  and  a  little  anteriorly.  Surface 
solcated  all  over  so  as  closely  to  resemble  the  convoluted  sur- 
face of  a  brain ;  four  large  convolutions  lead  up  to  each  aperture ; 
posterior  end  and  stalk  wrinkled,  but  not  sulcated  like  the  rest 
Colour  dirty  yellowish-white,  becoming  brown  on-  the  stalk. 
Length,  6*5  cm. ;  breadth,  4*7  cm. 

Teist  thick,  very  stiff  and  solid;  white  on  section  and  on  the 
iimer  surface. 

Mantle  very  thick ;  muscular  at  the  anterior  end.  Branchial 
siphon  short  and  wide  ;  atrial  narrower,  but  nearly  twice  as  long. 

Branchial  me  with  six  folds  on  each  sida  Internal  longitudinal 
hai8  numerous,  about  nine  on  a  fold,  and  the  same  number  in  the 
Qiteispace.  Meshes  occasionally  divided  by  narrow  horizontal 
iQembranes,  and  containing  each  six  stigmata. 

Darsal  lamina  represented  by  a  series  of  closely-placed  stout 
ttpering  languets. 

Tetdades  branched,  twenty  in  number — ten  large  and  ten  small 
placed  alternately. 

(^factory  tubercle  rather  large,  elliptical  in  outline,  placed  with 
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its  transverse  axis  directed  anteriorly  and  posteriorly,  the  opening 
being  at  the  right  side ;  both  horns  turned  in  and  forming  moder- 
ately large  spirals. 

Viscera — CEsophageal  opening  very  far  forwards  in  the  branchial, 

sac. 

One  specimen  from  Port  Jackson,  6  to  15  &thoms. 

Cynthia  fissa^  n.  sp. 

External  appearance. — Shape  ovate,  with  a  deep  cleft  at  the 
anterior  end  of  the  dorsal  edge  extending  nearly  half-way  down, 
slightly  flattened  laterally ;  attached  by  the  posterior  end  and 
nearly  the  posterior  half  of  the  left  sida  Apertures  prominent^  at 
the  extremities  of  the  two  projections  formed  by  the  cleft ;  bran- 
chial projection  terminal,  atrial  on  the  dorsal  edge,  fully  half-way 
down,  not  so  long  as  the  branchial  Surface  very  irregular,  much 
wrinkled  and  rough;  on  the  right  side  the  chief  wrinkles  run 
transversely.  Colour  yellowish-brown.  Length,  2  cm.;  breadth, 
1*6  cm. 

Test  strong  and  stiff ;  white  on  the  inner  surface. 

Mantle  thick. 

Branchial  mc  with  six  folds  on  each  side.  Six  internal  longi- 
tudinal bars  on  a  fold,  and  three  in  the  interspace.  Meshes  con- 
taining each  six  to  eight  stigmata,  and  sometimes  divided  by  a 
narrow  horizontal  membrane. 

Dorsal  lamina  with  tentacular  languets. 

Tentacles  simply  pinnate,  about  twelve  in  number. 

Olfactory  tubercle  large,  irregularly  oblong,  aperture  anterior; 
both  horns  turned  to  the  left 

Several  specimens  adhering  to  the  test  of  Microcosmvs  poly- 
morpJmSf  from  Station  162  (Bass'  Strait),  38  to  40  fathoms. 

Cynthia  formosa^  n.  sp. 

External  appearance, — Composed  of  a  spherical  body  and  a 
narrow  stalk.  Posterior  end  of  the  body  rounded,  anterior  rather 
flatter;  dorsal  edge  slightly  more  convex  than  ventraL  Stalk 
about  as  long  as  the  body,  twisted,  narrow,  expanding  slightly  at  the 
lower  end  where  it  is  attached.    Apertures  both  at  the  anterior  end, 
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not  difltanti  piomiiient.  Surf  aoe  smooth  on  the  posterior  half  of  the 
bodj;  covered  with  fine  silky  spines  on  the  anterior  half,  these 
increase  in  size  towards  the  anterior  end  and  culminate  in  sheaves 
of  bng  bristles,  which  surround  and  hide  the  apertures.  Colour 
grey.  Length  of  body,  1*5  cm. ;  breadth,  1*3  cm. ;  length  of  stalk, 
Hem. 

Test  thin  but  tough ;  semi-transparent  on  the  posterior  half  of  the 
body. 

McmUe  thin  but  muscular;  muscle  bands  forming  a  close  net- 
wo^ 

Branchial  sac  with  six  folds  on  each  side.  Internal  longitudinal 
ban  ribbon-like,  about  eight  on  a  fold  and  four  in  the  interspaces. 
Meshes  transversely  elongated,  divided  horizontally  by  three  narrow 
membranes,  and  containing  each  nine  or  ten  stigmata. 

DoTicU  lamina  consisting  of  a  series  of  small  closely-placed 
hnguets  borne  on  the  edge  of  a  broad  lamina. 

Tentacles  large  and  much  branched,  about  twelve  in  number. 

Olfactory  tuberde  simple,  transversely  elliptical,  opening  anterior, 
turned  inwards. 


One  spedmen  from  Tones  Straits,  3  to  11  fathoms. 

Cynthia  arenosa,  n,  sp. 

Retemal  ofjgfgearancis. — Shape  irregularly  ovate  or  sub-triangular, 
elongated  transversely,  not  compressed  laterally;  posterior  end 
broad  and  rather  flat,  anterior  narrow;  dorsal  and  ventral  edges 
convex;  unattached.  Apertures  both  at  the  anterior  end,  incon- 
spicuous, placed  close  together,  cross-slit.  Surface  entirely  covered, 
with  the  exception  of  the  siphons,  by  a  close  layer  of  sand  grains. 
Colour  grey.     Length,  1  '6  cm. ;  breadth,  1  cm. 

7W  thin,  but  very  stiff  on  ftccount  of  the  imbedded  sand. 

Mantle  thin,  but  strong ;  muscle  bands  well  developed. 

Branchial  sac  with  six  folds  on  each  side.  About  five  internal 
longitudinal  bars  on  each  fold,  and  tiie  same  number  in  the  inter- 
ipace.  Meshes  square,  containing  each  about  four  stigmata,  divided 
horizontally. 

Dorsal  lamina  formed  of  a  series  of  small  tentacular  langueta. 

Tentacles  compooiul,  few,  long  and  short  alternately. 
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Olfactory  tubercle  simple,  rudely  cordate  in  outline,  opening 
anterior,  both  horns  turned  inwards. 

Several  specimens  from  Station  186  (Torres  Straits),  1  to  8 
fathoms. 

Cynthia  irregularis,  n.  sp. 

External  appearance, — Shape  very  irregular.  Attached  to  a 
fragment  of  a  shell  by  the  right  side  near  the  dorsal  edge  and  half- 
way up  from  the  posterior  end.  Posterior  end  small,  nearly  flat ; 
anterior  end  broad,  deeply  cleft  between  the  large  divergent  siphons, 
on  the  extremities  of  which  the  apertures  are  placed.  Branchial 
aperture  at  the  ventral  edge  of  the  anterior  end,  prominent,  turned 
ventrally  and  a  little  to  the  left ;  atrial  aperture  at  the  dorsal  edge 
of  the  anterior  end,  not  quite  so  prominent  as  the  branchial,  turned 
dorsally  and  a  little  to  the  left  Surfetce  very  uneven,  deeply 
wrinkled,  and  rather  rougL  Colour  yellow  and  dark  brown. 
Length,  4*5  cm. ;  breadth,  3  cm. 

Teat  thin,  except  at  the  posterior  end  where  it  is  thickened, 
tough,  and  opaque ;  white  on  section  and  on  the  inner  surface. 

Mantle  rather  strong  and  muscular. 

Branchial  sac  with  the  folds  very  slight  and  distant,  seven  on 
each  side.  Internal  longitudinal  bars  numerous,  about  nine  on  a 
fold  and  eight  in  the  interspace,  which  has  four  wide  and  four  narrow 
rows  of  meshes.  Meshes  containing  each  four  stigmata,  and  often 
divided  by  a  narrow  horizontal  membrana 

Dorsal  lamina  formed  of  a  series  of  narrow  tentacular  languets. 

Tentacles  compound,  very  small,  twelve  larger  ones  with  either  one 
or  two  very  minute  ones  between  each  pair  of  these. 

Olfactory  tubercle  very  largo  but  irregular;  broken  up  into  a 
number  of  curved  pieces. 

One  specimen  from  Port  Jackson,  2  to  10  fathoms. 

Cynthia  pallida,  Heller.^ 
One  specimen  of  this  species  from  Simon's  Bay,  10  to  20  fathoms; 
two  from  Randavu,  Fiji ;  and  several  small  specimens  from  Papeete 
Harbour,  Tahiti,  10  fathoms. 

•  Beitrage  zur  nahern  Kenntniss  der  Tunicateu,  p.  14,  Taf.  iiL  figs.  17,  18 
(Sitzb.  d.  k.  Akad.  d.  Wiss.,  IzxviL  Bd.,  I  Abth.,  1878). 
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The  ciurioas  spicules  mentioned  bj  Heller  aa  ocQurxirig  W  the 
mantle  and  branchial  sac  of  this  species  are  present  in  all  the  speci- 
mena.  Smaller  ones  are  also  to  be  observed  in  the  test.  Similar 
spicules  occur  in  a  new  species  of  Oynthia  still  to  be  described. 

The  specimens  from  Tahiti  may  turn  out  to  be  a  new  but  closely 
aUied8pecie& 

Cynthia  Mspida^  n.  sp. 

Eidenyal  appeaTainee.^^\ixp^  ovate  or  irregularly  circular,  flat* 
tened  laterally,  nearly  as  broad  as  long ;  dorsal  and  ventral  edges 
rtrongly  convex ;  anterior  end  broadish,  straight  Attached  by 
the  rather  narrow  posterior  end.  Apertures  both  at  the  anterior 
end,  moderately  far  apart,  on  short  dome-like  projections,  the  ends 
of  which  are  conspicuously  four  cleft  and  covered  with  strong 
edunated  hairs,  which  fringe  the  apertures;  branchial  directed 
anteriorly ;  aiarial  directed  dorsally.  Surface  more  or  less  wrinkled, 
and  closely  covered  with  a  short  down  of  prickly  hairs,  which 
occasionally  at  the  posterior  end,  and  most  markedly  round  the 
apertures,  increase  in  size  and  form  large  branched  bristles.  Colour 
doll  brown,  rather  lighter  round  the  apertures.  Length,  6*6  cm  ; 
headth,  5*6  cm 

2M  not  thick,  leathery,  tough;  smooth  and  glistening  on  the 
innasurfaee. 

Monde  thick,  musculature  very  strong  and  close,  especially  on 
the  siphons. 

Branchial  sao  with  nine  folds  on  each  side,  the  ventral  folds,  or 
thoee  next  the  endoetyle  on  each  side,  being  very  slight,  and  only 
caching  half-way  to  the  dorsal  lamina.  The  alternate  transverse 
▼»Bels  wider  than  the  intermediate  ones.  Internal  longitudinal 
ban  numerous,  about  twelve  on  a  fold,  and  the  same  number  in  the 
interspace.     Meshes  containing  each  about  four  stigmata. 

Dorsal  lamina  formed  by  very  small  languets. 

Teniadea  compound,  about  fourteen  in  number,  and  all  about  the 
Bane  length. 

Olfadcry  tubercle  small,  but  very  prominent,  situated  on  a  hemi- 
^hencal  projection,  elongated  transversely ;  both  horns  coiled  in- 
wards. 
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Two  specimens  from  Station  162  (Bass'  Straits),  38  to  40  fathoms. 
The  larger  specimen  has  the  surface  considerably  more  wrinkled  and 
the  apertures  more  prominent  than  in  the  other.  Both  are  attached 
to  the  interior  of  bivalve  shells. 


Cynthia  eomplanata,  n.  sp. 

External  appearance. — Shape  elongated,  oblong,  pointed  at  the 
anterior  end,  flattened  laterally ;  dorsal  edge  straight  or  slightly  con- 
cave, ventral  convex ;  posterior  end  wider  than  anterior,  but  narrow. 
Attached  by  the  ventral  edge  of  the  posterior  end.  Branchial  aper- 
ture terminal,  quadrangular,  tubular,  wide ;  atrial  on  the  dorsal 
edge  one-third  of  the  way  down,  slightly  projecting,  also  quad- 
rangular and  wide.  Surface  irregular  but  smooth,  slightly  creased. 
Colour  dirty  whita     Length,  5*6  cm. ;  breadth,  2*7  cm. 

Test  soft^  cartilaginous ;  varies  greatly  in  thickness ;  is  thin  on 
the  anterior  half,  then  becomes  thicker,  and  the  posterior  third  is 
a  solid  mass  of  test  substance. 

Mantle  thin ;  musculature  rather  feeble ;  siphons  very  wide.  Spi- 
cules in  the  mantle  like  those  in  Cynthia  pallida^  Heller,  but  longer 
and  thinner. 

Branchial  sac  with  eleven  folds  on  each  side.  Eight  internal 
longitudinal  bars  on  a  fold  and  four  in  the  interspace.  Meshes 
slightly  elongated  transversely,  containing  each  about  five  stigmata, 
and  generally  divided  horizontally. 

Dorsal  lamina  formed  of  short  blunt  membranous  languets. 

Tentacles  branched,  nine  large  and  nine  small  placed  alternately, 
and  about  eighteen  very  minute  intermediate  ones. 

Olfactory  tvbercle. — Outline  nearly  circular,  both  horns  turned  in- 
wards, much  coiled. 

One  specimen  from  Port  Jackson,  6  fathoms. 

Styela^  Macleay. 

This  term  was  proposed  by  Savigny  to  denote  a  tribe  of  the  genus 
Cynthia,  and  was  first,  I  believe,  used  as  a  generic  name  by 
Macleay*  in  1823. 

*  Trans.  Linn.  Soc,  vol.  ziy. 
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Siyela, 


Donal  lamina  in  the 


fomof 


angnets. 


Dorsal  lamina  ribbed 

transTeraelx  and 

slightly  pectinated. 


Dorsal  lanilna  plain , 
margin  even. 


8.l)ttkku 


.fitiwt. 


Tentacles  few,  about  13. 


Tentadea  at  least  80. 


Long  and  short 
ittenatelj, 


All  one  length. 


Tentacles  80, 
all  one 
length. 


Sispe  oblcmg ;       Shape  hcnnispherl- 
leogth  =  twice  the        cal ;  length  = 
breadth.  breadth. 


8  giant. 


Z-tMimga, 


Tentacles 

more  than 

80,  large  and 

smalL 


Only  one  in- 
ternal longi- 
tudinal bar 
between  each 
pair  of  folds. 


Several  inter- 
nal longitudi- 
nal bars  be- 
tween each 
pair  of  folds. 


thick. 


Mantle  thick,  free 
from  test 


thin, 


8.eMgua, 


Mantle  thin,  united 
to  teat 


8.gfnta. 


Body  italked ;  horns 
a  oUactoiy  tubercle 
tuned  in. 


20  large  ten-  80  large  ten- 
tacles,  and  tacles,   and 
smaller  in-  smaller  in- 
termediate termediate 
ones.  ones 


S.clttva. 


Body  sessile ;  horns 

of  (factory  tubercle 

not  turned  in. 


8.  eonvexa. 


8.  ffrandU         8,  Idetea, 


Styela  bythia,  n.  sp. 

External  appearance. — Shape  between  cubical  and  heniis> 
pheiical ;  anterior  end  broad  and  obtuse,  dorsal  and  ventral  edges 
sloping  backwards  and  slightly  outwards.  Attached  by  a  wide 
posterior  end  slightly  expanded  at  the  margin.  Apertures  sessile, 
incoDspicuouBy  four  cleft ;  branchial  at  the  ventral  and  atrial  at  the 
^onal  end  of  the  anterior  extremity.  Surface  of  the  test  flat  but 
i^b,  especially  at  the  anterior  end.  Colour  dark-brown,  paler  at 
^e  posterior  end.     Length,  2  cm. ;  breadth,  1  cm. 

Ted  thick,  very  stiff,  but  rather  brittle;  white  on  section  and 
on  the  inner  surface. 
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Mantle  reddish-brown,  moderately  thick,  closely  united  to  the 
test 

BrancJiicd  sac  with  four  folds  on  each  side.  There  is  a  con- 
siderable space  on  each  side  between  the  endostyle  and  the  yentnd 
fold.  Internal  longitudinal  bars  extremely  numerous  and  much 
crumpled.  Meshes  small,  elongated  vertically,  containing  each  one 
or  two  stigmata,  and  divided  horizontally. 

Dorsal  lamina  in  the  form  of  languets. 

One  specimen  from  Station  160  (South  of  Australia);  2600 
fathoms. 

Styelajlavay  n.  sp. 

External  appearance, — Shape  rudely  spherical,  slightly  elongated 
laterally;  anterior  end  convex.  Attached  by  tiie  posterior  end  and 
half  of  each  side  to  a  piece  of  coral ;  dorsal  and  ventral  edges  free 
and  rounded.  Apertures  sessile,  4-lobed,  moderately  far  apart,  at 
the  opposite  ends  of  the  anterior  extremity.  Surface  of  the  test 
flat,  but  minutely  scaly ;  scales  largest  and  most  distinctly  marked 
round  the  apertures.  Colour  light  yellow,  with  a  brownish  tinge  at 
the  apertures ;  white  on  the  area  of  attachment  Length  (antero- 
posterior), 1*6  cm. ;  breadth  (from  side  to  side),  2*4  cm. ;  thickness 
(dorso-ventral),  2  cm. 

Test  thin,  but  very  tough,  opaque ;  white  and  glistening  on  the 
inner  surface. 

Mantle  rather  thin.     Muscular  bands  numerous,  but  very  fine. 

Branchial  sac  with  four  folds  on  each  side ;  folds  very  slight,  being 
merely  the  approximation  of  a  number  of  internal  longitudinal  bars. 
There  are  about  ten  at  these  places,  and  ten  in  the  intermediate 
opener  parts.  Meshes  square  or  elongated  vertically,  containing 
each  four  stigmata,  and  divided  by  a  narrow  horizontal  membimaa 

EndodyU  conspicuous,  rather  wide,  reddish-brown. 

Dorsal  lamina  ribbed  transversely,  and  slightly  toothed  at  the 
edge. 

Tentacles  simple;  three  sizee^— fifteen  large,  fifteen  small,  and 
about  thirty  very  minute  ones. 

Olfact(yry  tubercle^  placed  at  the  bottom  (posterior  extremity)  of 
a  rather  deep  peritubercular  area ;  small  and  irregular  in  shape. 
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Iniedine  rather  narrow ;  loop  open. 

One  specimen  from  Station  320  (off  the  coast  of  Buenos  Ayres), 
600  £ftthoms. 

Siyda  ohtonga^  n.  sp. 

External  appearance.'^^ha.'pe  oblong,  erect^  broadest  in  the 
middle,  tapering  slightly  towards  the  anterior  end  and  more  towards 
the  posterior;  anterior  end  straight,  dorsal  and  ventral  edges  slightly 
conTex ;  posterior  end  by  which  it  is  attached  narrow.  Apertures 
fonr-lobed,  sessile,  placed  at  the  extremities  of  the  anterior  end. 
Surface  finely  minkled  and  rough  on  rather  more  than  the  anterior 
ludf^  smoother  and  slightly  encrusted  with  sand  on  the  posterior 
part.  Colour  yellowish-brown,  dull  on  the  anterior  half,  brighter 
posteriorly.     Length,  3*5  cm. ;  breadth,  2  cm. 

Tegt  not  thick,  but  tough  on  the  upper  part;  thinner  below, 
except  at  the  posterior  end,  where  it  is  considerably  thickened. 

Mantle  thin,  musculature  very  delicate. 

Branehial  sae  with  four  folds  on  each  side,  formed,  as  in  the 
last  species,  merely  by  a  crowding  together  of  the  internal  longi- 
tudinal bars,  six  to  nine  being  placed  close  together,  and  separated 
^  wide  spaces  containing  only  three  bars.  Meshes  elongated  ver- 
tically, containing  each  only  three  stigmata,  divided  by  a  narrow 
horizontal  membrana 

Dorsal  lamina  narrow,  much  crumpled,  neither  ribbed  nor 
toothed. 

TerUades  simple,  rather  large,  twelva 

Olfactory  tvbercle  rather  prominent,  cup-shaped;  opening  anterior, 
wida 

One  specimen  from  Station  320  (off  the  coast  of  Buenos  Ay  res), 
60O  fathoms. 

This  species  was  probably  buried  in  sand  for  nearly  half  its 
kogth. 

Styela  glans^  n.  sp. 

Esdemal  appeaarance.^^hxi^  regular,  between  conical  and 
Itemigpherical,  the  highest  point  at  the  ventral  edge  of  the  anterior 
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end;  posterior  end  large  and  flat,  attached  to  a  piece  of  coral; 
dorsal  edge  more  convex  than  ventraL  Branchial  aperture  anterior, 
at  the  highest  part  near  the  ventral  edge ;  atrial  on  the  dorsal  edge 
two-thirds  of  the  way  down;  both  are  sessile  and  inconspicuous. 
Surface  roughish,  but  regular.  Colour  dark  reddish-brown.  Length, 
1  *5  cm. ;  breadth,  1  '2  cm. 

Test  not  thick  but  tough,  white  on  the  inner  surface. 

Mantle  very  thin  and  membranous. 

Branchial  sac  with  four  slight  folds  on  each  side,  about  five 
internal  longitudinal  bars  being  crowded  together,  and  the  same 
number  placed  further  apart  alternately.  Meshes  elongated  verti- 
cally, containing  each  three  stigmata,  divided  by  a  narrow  horizontal 
membrane. 

Dorsal  lamina  narrow. 

Tentacles  simple,  few,  of  a  moderate  size. 

Olfactory  tubercle  simple,  nearly  circular  in  outline. 

One  specimen  from  Station  320  (off  the  coast  of  Buenos  Ayres), 
600  fathoms. 

Styela  squamosa,  n.  sp. 

External  appearance. — Shape  roughly  hemispherical,  the  anterior 
end  very  large  and  rising  somewhat  to  its  ventral  extremity; 
ventral  edge  nearly  straight,  dorsal  gently  convex.  Attached  by  the 
wide  posterior  end.  Apertures  sessile,  distant,  and  inconspicuous ; 
branchial  at  the  ventral  end  and  atrial  at  the  dorsal  end  of  the  an- 
terior extremity.  Surface  smooth  but  scaly.  Colour  creamy  white, 
slightly  yellow  in  parts.     Length,  2  cm. ;  breadth,  I '5  cm. 

Test  thick  and  solid,  but  soft 

Mantle  very  thin,  adhering  slightly  to  the  test. 

Branchial  sac  with  two  distinct  folds  on  each  side  near  the 
dorsal  edge,  and  one  or  two  more  indistinct  ones  ventrally. 
Internal  longitudinal  bars  numerous.  Meshes  slightly  elongated 
vertically,  containing  each  four  or  five  stigmata,  and  divided 
horizontally. 

Dorsal  lamina  plain ;  no  ribs  or  teetL 

Tentacles  larger  and  smaller  alternately.  The  larger  ones  are 
short  and  stout 
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Olfaetary  tubercle  a  simple  elliptical  tubercle,  with  no  visible 
markiiig& 

One  specimen  from  Station  160  (South  of  Australia),  2600 
iathoms. 

Sty  da  gyrosa,  Heller.* 

A  considerable  number  of  specimens,  many  of  them  united  into 
masses  and  supported  by  a  common  stalk,  from  Port  Jackson,  6 

fathoms. 

Styda  grandiSf  n.  sp. 

External  appearance, — Shape  irregularly  pyriform,  the  anterior 
end  being  large  and  somewhat  globular,  while  the  posterior  narrows 
into  a  short  thick  stalk,  by  which  the  animal  is  attached.  Ventral 
edge  straight  or  slightly  concave,  dorsal  long  and  strongly  convex. 
Branchial  aperture  a  little  to  the  ventral  edge  of  the  anterior  end, 
directed  ventrally  ;  atrial  on  the  dorsal  edge  about  one-third  of  the 
way  down,  directed  dorsally  and  slightly  anteriorly ;  both  apertures 
sessile,  and  not  distinctly  lobed,  but  conspicuous.  Surface  irregular, 
bat  not  rough,  towards  the  base  much  corrugated  transversely,  the 
lest  of  the  surface  more  or  less  seamed  and  wrinkled.  Colour  dirty- 
white,  becoming  slightly  darker  towards  the  base.  Length,  9*5  cm. ; 
bieadth,  6  cm. 

Teet  thin  and  soft,  but  fairly  strong. 

Mantle  very  delicate ;  closely  united  to  the  inner  surface  of  the 
test  Musculature  consisting  chiefly  of  a  number  of  fine  bundles 
of  fibres  running  longitudinally. 

Branchial  sac  with  four  folds  on  each  side,  the  most  dorsal  one  on 
each  side  placed  very  close  to  the  dorsal  lamina.  There  are  three 
internal  longitudinal  bars  on  each  side  of  a  fold,  and  about  six  in 
^  interspace.  The  alternate  transverse  vessels  are  wider  than  the 
intennediate  ones.  The  meshes  are  immensely  elongated  trans- 
veisely,  and  contain  each  about  twenty  stigmata. 

Dorsal  lamina  rather  wide  and  perfectly  plain,  having  no  ribs  or 
teeth. 

*  C.  Heller,  Untersachangen  iiber  die  Tunicaten  des  Adriatiflchen  und 
MittelineerBS,  iii*  Abth«  p.  15, 1877. 
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Tentacles  simple,  there  are  twenty  long  ones  with  occasional 
small  intermediate  one& 

Olfactory  tvherde  heart  shaped,  both  horns  turned  inwards. 

Two  specimens  from  Station  150  (south  of  Kerguelen  l8land)f 
150  fathoms. 

Styda  lacteOf  n.  sp. 

External  aj7peamnc&-wShape  nearly  rectangular,  ixom  oblong  to 
spherical,  erect,  not  compressed ;  anterior  end  straight  and  wide ; 
posterior  end  straight  and  nearly  as  wide ;  dorsal  and  ventral  edges 
slightly  convex.  Attached  by  the  whole  of  the  posterior  end.  Aper- 
tures both  anterior,  nearly  sessile,  four  cleft ;  branchial  at  the  ven- 
tral edge  of  the  anterior  end,  directed  ventrally ;  atrial  at  the  dorsal 
edge  of  the  anterior  end,  directed  anteriorly  and  dorsally.  Sur- 
face smooth,  but  seamed  with  tranverse  creases  and  slight  folds, 
longitudinal  ones  here  and  there.  Colour  creamy  white.  Iiength, 
4*5  cm. ;  breadth,  3*5  cm. 

Test  thick,  but  soft  and  flexible,  quite  opaque. 

Mantle  closely  attached  to  the  test  Musculature  fine,  longitu- 
dinal and  transverse  bands  intersecting  at  right  angles. 

Branchial  sac  with  four  folds  on  each  sida  Internal  longi- 
tudinal bars  rather  few ;  about  six  on  a  fold,  few  and  distant  in  the 
interspace.  Meshes  greatly  elongated  transversely,  some  of  those 
near  the  endostyle  containing  thirty  to  forty  stigmata,  they  are 
occasionally  divided  by  a  narrow  horizontal  membrana 

Dorsal  lamina  plain,  no  ribs,  margin  even. 

Tentacles  filiform,  about  thirty  very  long  thin  ones,  with  inter- 
mediate shorter  ones. 

Olfactory  tubercle  large,  transversely  elliptical ;  both  horns  rolled 
inwards  and  forming  large  spiral  coUs. 

Three  specimens  fit)m  Kerguelen  Island,  10  to  100  fathoms. 

Styda  exigua,  n.  sp. 

External  appearance. — Shape  quadrangular,  a  little  longer  than 
broad,  somewhat  compressed  laterally;  anterior  end  broad  and 
nearly  flat ;  posterior  rather  narrower  and  more  rounded.    Atta(Qhfid 
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sHgfatly  by  the  posterior  end  of  the  left  sida  Apertures  sessile, 
incoiLBpicuoas ;  branchial  terminal  and  median ;  atrial  on  the  dorsal 
ed^  Qne-fouith  of  the  way  down.  Surface  even,  but  partially 
coveied  by  a  thin  coating  of  sand.  Colour  dirty  grey.  Length| 
1  cm. ;  breadth,  '8  cm. 

Test  cartilaginous^  thick  but  soft. 

Mantle  very  thin,  closely  united  to  the  test 

BraneJUal  sac  wide,  with  four  folds  on  each  side.  The  alternate 
transyeise  vessels  wider  than  the  intermediate  ones.  Internal 
longitudinal  bars  stout,  six  on  each  fold,  and  only  one  in  the  inter- 
space. Meshes  transversely  elongated,  containing  each  about  six 
stigmatsL 

Danal  lamina  narrow,  margin  plain. 

Tentacles  simple,  numerous,  long  and  short  alternately. 

One  specimen  from  Port  Jackson,  2  to  10  fathoma 


Styela  eonvexa^  n.  sp. 

ExUmal  appearanee.-^Shsk^  rudely  hemispherical  or  bluntly 
conical,  not  flattened ;  anterior  end  and  sides  convex,  posterior  end 
luge,  attached  to  a  stone  and  slightly  expanded  at  the  edge. 
Kmchial  aperture  terminal,  rather  to  the  ventral  side  of  the 
middle  of  the  anterior  end,  but  forming  its  most  prominent  point ; 
atrial  aperture  moderately  distant,  at  the  dorsal  edge  of  the  anterior 
end ;  both  are  sessile  and  inconspicuoua  Surface  moderately  smooth, 
finely  creased  in  all  directions,  especially  roimd  the  apertures. 
Colour  dull  yellowish-brown,  lighter  on  the  margins  of  the  posterior 
end.    Length,  2  cm. ;  breadth  (dorso-ventral),  2*6  cm. 

Test  thin  but  very  tough,  white  on  section. 

Mantie  closely  united  to  the  test,  musculature  fine  but  close. 

Branchial  sac  with  four  folds  on  each  side.  About  eight  internal 
longitudinal  bars  on  a  fold,  and  the  same  number  in  the  interspace. 
Ueshes  elongated  vertically,  containing  each  about  three  stigmata, 
and  divided  by  a  narrow  horizontal  membrane. 

Dorsal  lamina  slightly  crimped  but  plain,  edge  even. 

Tentades  simple,  stout,  rather  curled,  about  thirty  in  number, 
and  all  of  much  the  same  length. 
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Olfactory  tiiberde  simply  oval,  aperture  at  the  narrower  anterior 
end ;  horns  not  coiled,  nearly  touching. 

One  specimen  from  Station  150  (South  of  Kerguelen  Island), 
150  fathoms. 

Styda  clavOj  n.  sp. 

Eoctemal  appearance, — ClubHshaped,  the  pyriform  body  being 
supported  on  a  stalk  of  variable  length,  erect,  not  compressed; 
anterior  end  narrow  but  generally  straight  for  a  short  distance,  from 
this  the  body  widens  rapidly  for  the  first  two-fifths  of  its  length 
and  then  narrows  more  gradually  in  the  remaining  three-fifths, 
the  posterior  end  being  prolonged  into  the  stalk,  which  is  generally 
about  equal  to  the  body  in  length.  Apertures  at  the  anterior  end, 
four  cleft,  more  or  less  projecting,  but  minute  and  incomspicuous ; 
branchial  at  the  ventral  edge  of  the  anterior  end,  directed  ventrally ; 
atrial  at  the  dorsal  edge  of  the  anterior  end,  more  prominent  than 
the  branchial,  and  therefore  more  anterior,  directed  anteriorly.  Sur- 
face very  irregular;  posterior  half  of  the  body  and  stalk  creased 
longitudinally,  anterior  half^  of  the  body  nearly  covered  by  irregu- 
larly-shaped but  smooth  and  blunt  knobs  mostly  directed  anteriorly; 
Colour  dirty  white,  with  occasionally  a  slight  yellowish  tinge. 
Length  (total),  about  7  cm. ;  breadth  (at  broadest  part  of  head), 
about  2  cm. 

Test  tough  but  thin,  and  almost  papery  except  on  the  knobs  and 
processes.. 

Mantle  very  delicate  and  closely  united  to  the  test,  musculature 
very  feeble. 

Branchial  sac  with  four  narrow  folds  on  each  sida  Internal 
longitudinal  bars  rather  numerous,  about  nine  on  a  fold  and  twelve 
in  the  interspace.  Meshes  transversely  elongated,  containing  each 
six  stigmata,  and  occasionally  divided  by  a  narrow  horizontal  mem- 
brane. 

Dorsal  lamina  smooth  and  plain,  no  ribs  and  no  teeth. 

Tentacles  about  thirty,  rather  closely  placed,  not  laige,  all  about 
the  same  length,  but  some  rather  stouter  than  others. 

Olfactory  tubercle  transversely  elongated,  horns  simply  curled 
inwards, 
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Serend  specimens  from  Station  233a  (KoH  Japan),  8  to  50 

fathoms. 


Pdyearpa,  Heller. 

This  genus  is  very  closely  allied  to  Styela.  It  is  convenient, 
however,  to  separate  them  on  account  of  the  large  number  of  species 
in  the  StydituB.  The  chief  difference  between  the  two  genera  is  in 
the  condition  of  the  genital  glands. 

Polyearpa, 


Mantle  immg  and  free. 


Mantle  thin  and  doiely  united  to  test 


Ite  eovered  vltb  sand.   Test  bare. 


J 


L 


stalked. 


Not  stalked. 


l^eoti.  19  Iodic   Ttat^iOUmg 
nd  IS  ilMit.     and  20  short. 


P.UMCtcr. 


\piUtta. 


Stalked.    Test  green.   Testnot  green. 


P.ptdata.    P.viridU.     P,radteattu. 


Not  stalked. 


TcBtades  all  one    Tentadea  of  two 


vna 


1 


igth. 


lengUia. 
P. 


Test  having  hairs   Test  not 


likeJtfM^fita. 


P.  molguloidei. 


liairs. 


bearing 


Test  more  or  less  sandy  and  stiff. 


Test  pliable,  not  sandy. 


OUactocT  tubercle    Olfactory  taberde    Shape  hemispherical,  Shape  oblong,  test 
oblong.  drcolar.  test  smooth.  rongh. 


P.rigida, 


\  UmgMp^ 


homica. 


\ 


P.  rmmUa. 


P.quadrata. 


Polycarpa  pedaia^  n.  sp. 

External  appearance. — Irregularly  club-shaped,  consisting  of  a 
kng  stalk  supporting  a  somewhat  globular  body  produced  anteriorly; 
posterior  end  broad  and  rounded,  passing  rapidly  into  the  narrow 
stalk  which  is  nearly  as  long  as  the  body;  ventral  edge  nearly 
stnight,  dorsal  strongly  convex  in  its  posterior  half,  straight  in  the 
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anterior  part.  Attached  by  the  extremity  of  the  long  narrow  stalk. 
Branchial  aperture  terminal,  very  prominent,  directed  anteriorly; 
atrial  on  the  dorsal  edge  about  half-way  down  the  body,  projecting, 
directed  anteriorly  and  dorsally;  both  are  distinctly  four  cleft 
Surface  smooth  but  grooved  and  creased  somewhat  Colour 
yellowish-white  with  a  tinge  of  red  on  the  stalL  Length  (total), 
10*5  cm. ;  breadth,  4  cm. 

Test  thin  but  tough. 

Mantle  moderately  thick,  adhering  here  and  there  to  the  test;  mus- 
culature close  but  not  strong. 

Branchial  sac  with  four  folds  on  each  side.  Transverse  vessels 
all  one  size.  Internal  longitudinal  bars  numerous.  Meshes  slightly 
elongated  transversely,  containing  each  five  or  six  stigmata. 

Dorsal  lamina  plain. 

Tentacles  long,  of  a  brown  colour,  twenty-five,  all  one  lengtL 

Poly  carps  large ;  tentacular  endocarps  present 

One  specimen  from  Station  212  (Philippine  Islands),  10  to  20 
fathoms. 

Polycarpa  irregtUaris^  n.  sp. 

External  appearance, — Shape  irregularly  oblong,  somewhat  pyri- 
form,  erect,  rather  compressed  laterally.  Anterior  and  posterior 
ends  narrow,  middle  two-fourths  wide,  and  having  the  dorsal  and 
ventral  edges  parallel;  ventral  edge  straight  throughout,  dorsal 
sloping  in  its  anterior  and  posterior  fourths,  straight  in  its  central 
two-fourths.  Attached  by  the  narrow  but  irregular  posterior  end. 
Branchial  aperture  terminal,  prominent,  surrounded  by  four  large 
lobes  and  four  small  ones ;  atrial  on  the  dorsal  edge,  rather  more  than 
one  quarter  of  the  way  down,  distinct  Surface  very  irregular,  cut 
up  by  deep  grooves  and  folds,  and  partially  covered  by  foreign 
bodies.  Colour  dirty  yellowish-white.  Length,  6  cm. ;  breadth, 
3*5  cm. 

Test  rather  thick,  tough ;  white  and  glistening  on  inner  surface. 

Mantle  thin,  musculature  not  strong. 

Branchial  sac  with  four  folds  on  each  side.  Three  narrow  trans- 
verse vessels  between  each  pair  of  wide  ones.  About  eight  internal 
longitudinal  bars  on  the  folds  and  twelve  in  the  interspace.  Meshee 
transversely  elongated  and  containing  each  six  stigmata. 
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Dcfnol  lamina  narrow  and  smooth.   ' 

Tadades  linear,  rather  distant,  twenty-four  in  number,  coloured 
black,  some  rather  smaller  than  others  but  not  placed  alternately. 

Olfactory  tubercle  OYate,  but  with  the  narrow  end  placed  pos- 
teriorly, much  convoluted  and  marked  with  black.  Intestinal  loop 
vide; 

Endoearps  numerous,  yellow,  and  rather  small 

One  specimen  from  Station  208  (Philippine  Islands),  18  fathoms. 

Polyearpa  sulcata^  n.  sp. 

External  appearance. — Shape  between  ovate  and  pyramidal,  not 
compressed ;  anterior  end  narrow  but  rounded,  posterior  end  broad 
and  rounded ;  ventral  edge  very  convex,  dorsal  convex  posteriorly 
and  concave  anteriorly.  Attached  by  the  posterior  end  of  the  ven- 
tral edga  Branchial  aperture  not  terminal  but  twisted  round  to 
the  dorsal  edge,  prominent,  directed  dorsally ;  atrial  on  the  dorsal 
edge  about  half-way  down,  directed  dorsally ;  both  f  our-lobed,  wide 
and  conspicuous.  Surface  smooth  but  uneven,  cut  up  by  deep 
creases  and  folds  into  rounded  pad-like  projections.  Colour  dull 
creamy-white.     Length,  5*5  cm. ;  breadth,  3 '5  cm. 

Test  thick  and  tough  but  soft,  not  sti£  Inner  surface  white, 
with  small  dark  dots  over  it 

Mantle  thin,  not  adhering  to  the  test,  dark  brown;  musculature 
not  strong. 

Branchial  sac  with  four  narrow  folds  on  each  sida  Three 
nairow  transverse  vessels  between  each  pair  of  wide  ones.  In- 
ternal longitudinal  bars  few.  Meshes  transversely  elongated,  con- 
taining each  about  eight  stigmata. 

Dorsal  lamina  smooth,  very  narrow. 

Teniacles,  twelve,  rather  large  but  not  very  long,  distant,  with 
two  or  three  very  minute  ones  between  each. 

(Hfaetory  tubercle  large  and  irregular,  spongy. 

Three  specimens  from  Banda,  17  fathoms. 

Polyearpa  pilella,  n.  sp. 

External  appearance. — Shape  a  little  variable  but  generally 
spherical  or  ellipsoidal,  occasionally  rather  pyriform,  the  posterior 
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end  being  narrower ;  not  compressed,  erect;  anterior  end  wide,  con- 
vex. Attached  by  the  posterior  end.  Apertures  both  at  the 
anterior  end,  moderately  far  apart,  not  conspicuoua  Surface  en- 
tirely covered  by  a  layer  of  sand.  Colour  yellowish-brown. 
Length,  6  mm. ;  breadth,  4  mm. 

Test  thin  but  strong. 

Mantle  rather  strong,  muscular  fibres  delicate  but  very  numerous, 
forming  a  close  network 

Branchial  sac  with  four  folds  on  each  side.  Transverse  vessels 
all  equal  in  siza  About  eight  internal  longitudinal  bars  on  the 
folds  and  the  same  number  in  the  interspaces.  Meshes  vertically 
elongated,  containing  each  three  stigmata. 

Dorsal  lamina  plain. 

Tentacles  filiform,  about  twenty  large  ones,  with  one  or  two 
smaller  between  each  pair. 

Olfactory  tvhercU  irregularly  horse-shoe  shaped,  both  horns  rolled 
inwards. 

About  a  dozen  specimens  from  Bahia,  7  to  20  fathoms. 

Polyearpa  tinctor,  Quoy  and  Gaimard.* 

About  a  dozen  specimens  of  this  species  from  Port  Jackson,  at 
depths  varying  from  2  to  15  fathoms. 

Polyearpa  viridiSj  n.  sp. 

External  appearance, — Shape  more  or  less  pyriform,  the  anterior 
end  being  the  broadest,  and  the  posterior  forming  a  short  stalk, 
sometimes  more  elongated  and  twisted,  by  the  lower  end  of  which 
the  animal  is  attached.  Both  apertures  at  the  anterior  end,  generally 
a  little  to  the  right  side;  branchial  terminal,  or  subterminal; 
atrial  a  short  way  down  the  dorsal  edge,  not  distant  from  branchial ; 
both  four-lobed,  sessile,  inconspicuous.  Surface  not  uneven  but 
generally  more  or  less  covered  by  animals,  sand,  shell  fragments, 
&c,  adhering  to  it  Colour  dull  green,  darkest  in  the  neighbour- 
hood of  the  apertures.     Length,  3  cm. ;  breadth,  2*5  cm. 

Test  not  thick  but  tough,  rough  externally  from  adhering  sand, 
&c,  of  a  beautiful  dark-green  colour  throughout.  Vessels  very 
numerous,  anastomosing  frequently. 

*  Voyage  de  1* Astrolabe,  Zoologie,  tom.  iii.  p.  608,  pi.  zci.  figs.  1,  2. 
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Mardle  mujBcular,  united  to  the  test,  of  a  doll  green  colour. 

Branchial  aae  with  four  folds  on  each  side.  Three  small  trans- 
verse vessels  between  each  pair  of  large  ones.  About  eight  internal 
loQgitndinal  bars  on  the  folds  and  four  in  the  interspace.  Meshes 
tnnBveisely  elongated,  containing  each  nine  to  twelve  stigmata. 

Dorsal  lamina  narrow,  not  ribbed,  margin  plain. 

TerUades  simple,  filiform,  crowded,  about  seventy,  long  and  short 
alternately. 

Oifadory  tuberde  rudely  circular  in  outline ;  left  horn  coiled  out- 
vaids,  the  right  inwards. 

Folycarpa  numerous,  on  the  inner  surface  of  the  mantle,  1  to 
3  mm.  in  length. 

Several  specimens  from  Port  Jackson,  at  depths  of  6,  2  to  10, 
and  6  to  15  fathoms. 

Polycarpa  radicatus^  n.  sp. 

External  appearance. — Club-shaped,  erect  j  consisting  of  a  globu- 
lar body,  supported  on  a  narrow  stalk  equalling  it  in  lengtL 
Anterior  end  rather  broader  than  posterior,  which  is  continuous 
with  the  stalk ;  edges  convex ;  stalk  long  and  narrow,  spreading  out 
somewhat  at  the  lower  end,  where  it  is  attached.  Apertures  both 
at  the  anterior  end,  sessile,  inconspicuous,  lobes  indistinct ;  branchial 
on  the  ventral  edge  of  the  anterior  end,  atrial  about  the  centre,  and 
aHghUy  the  more  anterior  of  the  two.  Surface  even,  slightly  sandy. 
Colour  dull  greyish-yellow.  Length  (total),  3*5  cm. ;  breadth,  1*7 
cm. ;  length  of  body,  2  cm. 

Ted  moderately  thick,  strong  but  not  stifil 

Monde  closely  united  to  test,  thin. 

Branchial  sac  with  four  folds  on  each  side.  Three  narrow  trans- 
verse vessels  between  each  pair  of  wide  ones.  Internal  longitudinal 
l)an  ribbon-like,  close  and  numerous  on  the  folds,  few  between. 
Meshes  transversely  elongated,  and  containing  each  six  to  twelve 
fltigmaia. 

Dor$al  lamina  narrow. 

Tentacles  simple,  numerous,  about  fifty,  crowded,  of  different 
sizes,  bat  not  alternating. 

Olfaehry  tubercle  circular,  one  end  turned  out  and  one  turned  in. 

Pohfcarps  well-marked,  yellow. 


76  Proceedings  of  the  Royal  Society 

One  specimen  from  Station  163  (off  the  sonth-east  coast  of  Aus- 
tralia), 120  fathoms;  and  one  specimen  from  Port  Jackson,  6 
fathoms. 


Pclycarpa  molguloideSf  n.  sp. 

External  ajapearance. — Shape  transversely  ovate  or  sansage- 
shaped ;  elongated  dorso-ventrally  and  depressed ;  attached  by  the 
wide  posterior  end.  Apertures  distant,  both  on  the  anterior 
end  (upper  surface),  inconspicuous.  Surface  entirely  covered  by  a 
thick  layer  of  sand,  shells,  &c.  (Colour  dark-brown.  Length 
(antero-posterior),  3  cm. ;  breadth  (dorso- ventral),  7  cm. ;  thickness 
(lateral),  4  cm. 

Teat  moderately  thick,  leathery,  covered  with  branched  hair-like 
processes,  like  these  of  Molgula^  to  which  the  sand-gndns,  &a,  aie 
attached. 

1|  MantU  closely  adhering  to  the  test,  thick  and  rough,  musculature 
feebla 

Branchial  sac  with  four  folds  on  each  side.  Tranverse  vessels  all 
of  one  size.  Six  internal  longitudinal  bars  on  the  folds,  and  four 
on  the  interspace.  Meshes  transversely  elongated,  containing  each 
twelve  stigmata. 

Dorsal  lamina  plain. 

Tentacles  numerous,  crowded,  all  one  length,  of  a  dark-brown 
colour. 

Polycarps  only  slightly  projecting,  imbedded  in  the  thick  mantle. 

Two  specimens  from  Station  162  (Bass'  Straits),  38  to  40 
fathoms. 

Polycarpa  rigida,  n.  sp. 

External  appearance, — Shape  oblong,  erect,  anterior  end  pointed, 
dorsal  and  vential  edges  nearly  straight  and  parallel,  posterior  end 
nearly  straight,  moderately  wide;  attached  by  the  posterior  end. 
Branchial  aperture  terminal,  projecting;  atrial  on  the  dorsal  edge, 
fully  one-third  of  the  way  down,  projecting;  both  very  indistinctly 
lobed.  Surface  even,  but  roughish,  and  partly  covered  by  foreign 
bodies.  Colour  dull  greyish-brown,  dull  yellow  round  the  apertures. 
Length,  8  cm. ;  breadth,  3  cm. 


of  Edvnbwrgh,  Session  1880-81.  77 

Ted  not  very  thick,  and  not  tough,  but  very  stifi^  like  cardboard ; 
white  on  section  and  on  the  inner  surface. 

Mantle  thin  and  closely  adhering  to  the  test,  musculature  feeble. 

Branchial  sae  with  four  folds  on  each  side.  Tranverse  vessels  all 
one  size.  About  twelve  internal  longitudinal  bars  on  the  folds,  and 
six  on  the  interspace.  Meshes  transversely  elongated,  and  con- 
taining twelve  stigmata  eacL 

Dorsal  lamina  narrow,  plain;  edge  even. 

Tentacles  simple,  close,  crowded,  stout,  about  forty,  all  one  lengtL 

Olfactory  tubercle  oblong,  lying  in  a  very  large  triangular  peri- 
tubercular  area,  and  directed  forwards  and  to  the  left 

Pdyearps  deeply  imbedded  in  the  mantle.  Intestinal  loop  very 
wide. 

Two  specimens  from  Station  162  (Bass'  Straits),  38  to  40 
fathoms. 

Polycarpa  longisiphaivica^  n.  sp. 

External  appearance. — Shape  oblong  or  somewhat  flask-shaped, 
erect,  posterior  end  large  and  rounded,  anterior  end  narrow  and 
pointed.  Apparently  not  attached,  or  only  slightly  by  the  posterior 
third  of  the  left  side.  Apertures  conspicuous,  at  the  ends  of  very 
long  siphons;  branchial  terminal,  directed  anteriorly;  atrial  on  the 
dorsal  edge  half-way  down,  directed  dorsally  and  anteriorly,  fully 
18  long  as  the  branchial  siphon.  Surface  covered,  except  on  the 
nphons,  by  a  fine  coating  of  sand  and  shell  fragmenta  Colour 
^•brown.     Length,  7  cm  ;  breadth,  4  cm. 

Ted  thin  and  brittle,  but  rather  stiff. 

Mantle  thin,  closely  adhering  to  the  test ;  musculature  feeble. 

Branchial  sac  with  four  folds  on  each  side.  Every  fifth  or 
dxth  transverse  vessel  wider  than  the  intermediate  ones,  which  are 
^  one  size.  Eight  internal  longitudinal  bars  on  the  folds,  and 
about  the  same  number  on  the  interspace.  Meshes  square, 
occasionally  divided  by  a  narrow  horizontal  membrane,  containing 
^  four  to  six  stigmata. 

Dorsal  lamina  narrow  and  plain  edged. 

Tentacles  not  very  long,  rather  distant,  about  eighteen,  some 
shorter  than  others,  but  not  placed  alternately. 
Olfactory  tubercle  circular  in  outline. 
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Polycarps  numerous  aud  large,  yellow. 

Three  specimens  from  Port  Jackson,  6  to  15  fathoms. 

Polyearpa  qmdraJUi^  n.  sp. 

Extetmal  appearance. — Shape  oblong  or  oval,  erect^  somewhat 
compressed  laterally,  both  ends  broad  and  rounded,  dorsal  and  ven- 
tral edges  nearly  straight  and  parallel  Attached  by  the  posterior 
end.  Branchial  aperture  terminal,  sessile,  inconspicuous,  minute; 
atrial  more  than  one-third  of  the  way  down,  on  the  dorsal  edge,  also 
minute  and  inconspicuous.  Surface  considerably  creased  in  all 
directions,  especially  round  the  apertures.  Colour  dirty  white. 
Length,  2  cm. ;  breadth,  1  *6  cm. 

Test  not  thick,  tough  and  strong,  but  not  stiff;  white  and  glisten- 
ing on  the  inner  surface. 

Mantle  closely  adhering  to  the  test,  very  thin. 

Branchial  sac  with  four  slight  folds  on  each  side.  Internal 
longitudinal  bars  very  numerous  and  close  in  the  places  where  they 
form  the  folds.  Meshes  vertically  elongated,  usually  divided  by  a 
narrow  horizontal  membrane,  and  containing  each  one  to  three 
stigmata. 

Dorsal  lamina  plain. 

TentcuUes  simple. 

Olfactory  tvherde  ovate,  very  minute,  placed  at  the  posterior  end 
of  a  deep  peritubercular  area. 

Polyearpa  few,  only  three  or  four  on  each  side.  Endocaips 
numerous.     Intestinal  loop  wide. 

Three  specimens  adhering  to  the  spicules  of  Laharia  hemisphmca 
from  Ki  Island,  129  fathoms. 

Polyearpa  rninvia,  n.  sp. 

External  appearance, — Dome-shaped  or  nearly  hemispherical; 
anterior  end  convex,  posterior  wide,  flattened,  attached,  slightly 
expanded  at  the  margin.  Apertures  both  anterior,  not  distant, 
sessile  but  distinct.  Surface  perfectly  smooth  and  even.  Colour 
pale  yellowish-brown.     Length,  '6  cm. ;  breadth,  '9  cm. 

Test  thin,  but  tough  and  strong. 

Mantle  closely  adhering  to  the  test,  very  thin. 
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Branchial  sac  with  four  folds  on  each  side.  Transverse  vessels 
all  of  the  same  size.  Internal  longitudinal  bars  very  few,  there 
being  only  two  between  each  pair  of  folda  Meshes  transversely 
elongated,  containing  each  six  to  eight  stigmata. 

DcTsai  lamina  plain. 

Teidadea  many,  filiform. 

One  specimen  from  Station  150  (south  of  Kerguelen  l8land)| 
150  fathoms. 

BOLTSNINJL 


Apertozcs  four  lobed. 


BoUenia, 


Stigmata  tranarene.    Stigmata  vertical. 


B.  9legmi9. 


01iact(n7  taberde 
le. 


B,  kffumen. 


Olfactoiy  tubercle 
very  complicated. 


Stalk  turned  posteriorly. 


id  fru 


Branchial  aperture 
tri-lobed :  atrial 
aperture  oi-lobed. 


Culmlus, 


Stalk  turned  anteriorly. 


l)oml  end  fringed.    Dorsal  end  not 

fringed. 


^'  neumbens,        C,  perlucidum. 


Dorsal  end  fringed.     Dorsal  end  not 

fringed. 


Sotfroe  evan.  Stufaee  very 

uneven. 


C.mhmi, 


C.  murrayi. 


Snrfaoa  even.      Surface  very 

uneven. 


C .  Moiele^  C.  wyville-Uunmonx, 
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Boltenia  elegans,  n.  sp. 

External  appearance, — Shape  of  body  quadiangular  ovate,  not 
flattened ;  anterior  and  posterior  ends  bluntly  rounded,  dorsal  and 
ventral  edges  nearly  straight.  Peduncle  long  and  thin,  wiry, 
attached  to  the  ventral  edge  of  the  anterior  end,  and  turned  slightly 
ventrally.  Apertures  conspicuous,  branchial  at  the  dorsal  edge  of 
the  anterior  end,  directed  anteriorly  and  dorsally;  atrial  on  the 
dorsal  edge,  two-thirds  of  the  way  down,  directed  dorsally  and 
posteriorly;  behind  the  atrial  aperture  the  dorsal  edge  sinks  in 
somewhat  towards  the  posterior  end.  Surface  smooth  and  glisten- 
ing, marked  by  a  few  creases.  Colour  of  the  body  white,  with 
a  satiny  lustre;  stalk  light  yellowish-brown.  Length  of  body, 
5*5  cm. ;  breadth  of  body,  4  cm.  Length  of  stalk,  36  cm. ;  thick- 
ness of  stalk,  2  mm. 

Test  thin  but  tough. 

Mantle  strong,  musculature  regular. 

Branchial  sac  with  nine  folds  on  each  side,  those  next  the  endo 
style  being  closer  than  the  dorsal  ones.  Transverse  vessels  wide 
and  distant  Stigmata  transverse,  running  between  narrow  longi- 
tudinal bars  which  connect  the  transverse  vessels.  Litemal  longi- 
tudinal bars  narrow  but  well  marked,  running  at  right  angles  to 
the  transverse  stigmata.  Stigmata  rather  long  and  nairow,  about 
fifteen  in  each  mesh. 

Dorsal  lamina  represented  by  a  series  of  closely-placed,  large, 
tapering  languets. 

Tentacles  large,  branched,  sixteen  in  number,  placed  long  and 
short  alternately. 

Olfactory  tubercle  large  and  distinct,  elongated  transversely  but 
directed  vertically,  the  opening  being  on  the  right  side ;  both  horns 
coiled  inwards. 

Two  specimens  from  Station  48  (south  of  Halifax,  N.S.),  51 
fathoms. 

This  species  is  probably  nearer  to  Savigny's  BoUenia  ovi/era 
than  to  any  other  known  species,  but  differs  firom  it  in  many  par- 
ticulars. 
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Boltenia  legumerij  Lesson.* 

Station  312  (Straits  of  Magellan),  10  to  15  fathoms,  one  speci- 

men 

Station  315  (East  of  Falkland  Islands),  5  to  10  fathoms,  eight 
specimens. 
Station  316  (East  of  Falkland  Islands),  4  to  5  fathoms,  one 

specimen. 

Bolteiiia  pachydermati'iia^  xl  sp. 

External  appearance. — Shape  of  body  ovate  to  fusiform,  com- 
pressed laterally;  posterior  (upper)  end  bluntly  pointed,  anterior 
end  narrow,  becoming  gradually  continuous  with  the  stalk ;  dorsal 
edge  more  convex  than  ventral  Stalk  long,  thick,  twisted,  and 
creased,  rather  tapering  downwards  towards  the  point  of  attachment 
Apertures  conspicuous  but  not  prominent,  not  distant^  placed  at 
th^  points  of  junction  of  the  middle  with  respectively  the  anterior 
and  posterior  thirds  of  the  body.  Surface  of  body  smooth  but 
deeply  grooved  longitudinally,  stalk  closely  wrinkled  transversely. 
Colour  of  the  body  dull  creamy-white,  of  the  stalk  yellowish- brown. 
Length  of  body,  10  cm. ;  breadth,  5  cm. ;  length  of  stalk  about 
20  cm. 

Ted  very  thick  and  stiff,  between  cartilaginous  and  coriaceous, 
tough ;  white  and  glistening  on  the  inner  surface. 

Mcmth  thin  but  muscular,  slightly  adhering  to  the  test 

Branchial  sac  with  about  six  folds  on  each  side.  Internal  longi- 
todinal  bars  numerous,  about  eight  on  the  folds  and  six  in  the 
interspace.  Meshes  transversely  elongated,  containing  each  about 
inne  stigmata,  always  divided  horizontally  by  a  narrow  bar. 

Tentacles  compound,  densely  branched,  sixteen  in  number,  placed 
1^  and  small  alternately.  One  tentacle  much  larger  than  any  of 
the  others. 

Olfactory  tuherde  large,  circular,  the  surface  marked  with  a  close 
uid  elaborate  pattern. 

One  large  and  one  small  specimen  from  Canterbury,  New 
Zealand. 

*  Centnrie  Zoologiqne,  p.  149,  pi.  liii.  fig.  1,  1830. 
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OuleoluSf  n.  gen. 

Body  more  or  leas  ovate,  stalked. 

Branchial  aperture  three-lobed. 

Atrial  aperture  bi-lobed. 

Branchial  sac  longitudinally  folded,  consisting  of  longitadinal 
and  transverse  bars.  No  stigmata,  the  fine  longitudinal  vessels 
being  absent. 

Tentacles  compound. 

This  genus  is  formed  for  the  reception  of  a  remarkable  little 
group  of  six  deep-sea  species  of  stalked  Simple  Ascidians,  which 
were  at  the  first  glance  referred  to  Boltema,  Thejr  must  still  be 
considered  as  near  allies  of  that  genus  but  they  differ  from  it  in 
severa]  important  details  of  structure. 

In  addition  to  the  characters  in  the  above  description,  mention 
must  be  made  of  a  system  of  branched  calcareous  spicules  foxmd 


Branchial  sac  in  Culedus. 
tr.f  Large  transverse  vesssel  ;.^/.,  small  transverse  vessel;  il.,  {ntemal 
longitudinal  bar  ;  mh,,  mesh ;  sp.,  spicola. 

in  the  vessels  of  the  branchial  sac,  &c.y  and  more  or  less  developed 
in  all  the  species  (see  woodcut). 
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The  most  remarkable  peculiarity  of  this  genus  is  the  structure  of 
the  branchial  sac.  It  is  merely  a  skeleton  compared  with  that 
(ogan  in  other  Bimple  Ascidians.  The  system  of  fine  bngitudinal 
or  inter-stigmatic  vessels  is  entirely  wanting,  so  that  the  large 
meshes  are  not  broken  up  into  true  stigmata.  It  seems  probable 
from  Madeay's  description  *  that  the  branchial  sac  of  Cystingia 
grifiihtii  has  a  similar  simple  structur& 

Ckdeolus  murrayi,  n.  sp. 

External  appearance.-^Sha^  of  the  body  irregularly  pyriform, 
anterior  end  attenuated,  ending  in  the  stalk;  posterior  end  blunt  and 
broad,  dorsal  and  ventral  edges  nearly  straight  and  parallel  in  their 
posterior  two-thirds,  tapering  tuddenly  in  the  anterior  third.  Stalk 
of  moderate  length,  turned  towards  the  branchial  aperture.  Bran- 
chial aperture  placed  rather  on  the  dorsal  side  of  the  anterior  end, 
being  under  the  stalk,  which  is  terminal  Atrial  aperture  in  the 
middle  of  the  posterior  end,  and  directed  posteriorly.  Surface  very 
insular,  thrown  into  deep  creases;  a  belt  of  close-set  minute 
projections  surrounds  the  atrial  opeiung,  cutting  off  the  posterior 
third  by  a  very  irregular  line.  The  rest  of  the  surface  is  finely 
gianolated,  the  granulations  being  larger  in  the  neighbourhood  of 
the  apertures.  Length  of  body,  6  cm. ;  breadth,  4  cm. ;  length  of 
stalk,  15  cm. 

Ted  moderately  thick,  tough  but  soft  and  flexible;  quite 
opaque. 

Mantle  adhering  to  the  test,  but  easily  separated,  thin ;  muscle 
bands  strong,  but  distant 

Branchial  sac  large  and  delicate,  having  six  folds  on  each  side, 
those  at  the  dorsal  edge  closer  and  more  distinct  than  those  at  the 
ventral,  the  pair  next  the  endostyle  being  very  slight  Transverse 
vessels  alternately  larger  and  smaller.  Internal  longitudinal  bars 
^de,  four  between  each  pair  of  folds.  Meshes  vertically  elongated, 
large.    Spicules  in  the  vessels  large  and  branched. 

Endostyle  conspicuous,  white,  and  very  irregular  in  its  course ; 
richly  supplied  with  large  and  much  branched  spicules,  having  a 
definite  arrangement 

•  Trans.  Unn.  See.,  vol  xiv.  1828. 
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Dorsal  lamina  represented  by  a  series  of  large  langaets  placed 
close  together. 

Tentacles  much  branched,  of  various  sizes,  some  being  very  larga 

Olfactory  tubercle  small  but  distinct^  crescentic  in  shape,  with 
the  opening  on  the  left  side ;  both  horns  rolled  inwards. 

Viscera. — Wall  of  stomach  remarkably  folded.  Grenital  masses 
about  twelve  in  number,  united  in  pairs  and  placed  on  the  inner 
side  of  the  mantle  on  both  sides  of  the  endostyle,  the  majority 
being  on  the  right  side. 

Two  specimens  from  Station  241  (Pacific  Ocean,  east  of  Japan) ; 
2300  fathoms. 

Cvleol'us  wymUe4hom8(mi^  n.  sp. 

External  appearance. — Shape  of  the  body  irregularly  pyriform  or 
wedge-shaped,  the  anterior  end  being  narrow,  while  the  posterior 
is  broad  and  blunt;  dorsal  and  ventral  edges  sloping  irregularly 
from  the  broad  posterior  end  to  the  narrow  anterior  end,  where  the 
stalk  is  attached.  Stalk  thin,  not  long,  wiry,  runniag  a  slight  way 
along  the  ventral  edge  from  its  point  of  attachment^  turned  towards 
the  branchial  aperture.  Branchial  aperture  a  little  dorsal  to  the 
anterior  end,  being  behind  the  stalk,  directed  anteriorly  and  a  little 
dorsally ;  atrial  aperture  in  the  centre  of  the  posterior  end,  directed 
posteriorly.  Surface  irregular,  deeply  seamed  and  raised  between 
the  seams  into  eminences,  capped  with  slight  papilla.  Colour 
pale  slaty  grey.  Length  of  body,  5  cm.;  breadth,  4  cm.;  thickness 
(lateral),  3*5  cm. ;  length  of  stalk,  10*5  cm. 

Test  cartilaginous,  thick  but  soft,  not  flexible. 

Mantle  thin ;  muscle  bands  strong,  but  rather  distant 

Branchial  sac  with  six  folds  on  each  side,  diminishing  in  size 
from  the  dorsal  to  the  ventral  edge,  those  next  the  endostyle  being 
very  slight  Transverse  vessels  of  three  sizes  placed  in  the  follow- 
ing manner: — a  large  one,  three  small  ones,  a  middle-sized  one, 
three  small  ones,  and  then  a  large  one ;  thus,  any  two  large  ones 
are  separated  by  a  middle-sized  one  and  six  small  ones.  Meshes 
small,  transversely  elongated.  Spicules  smaller  and  not  so  much 
branched  as  in  Cvleolus  murrayi,  but  more  numerous. 

Dorsal  lamina  separated  by  a  series  of  close-set  large  langueta 
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Tentacles  about  sixteen  in  number,  brancbed,  large  and  small 
alternately,  but  rather  irregular  in  siase ;  the  tentacle  at  or  just  to 
the  left  of  the  olfactory  tubercle  is  gigantic. 

Olfactory  tubercle  distinct,  cordate,  opening  on  the  right  side, 
both  ends  turned  in. 

One  specimen  from  Station  170  (north  of  the  Kermadec  Islands, 
South  Pacific  Ocean),  500  fathoms. 

CuLeolus  recumbenSf  n.  sp. 

External  appearance, — Shape  of  the  body  irregularly  quadrate, 
with  the  angles  rounded,  both  ends  blunt ;  anterior  rather  narrower 
than  posterior,  and  posterior  rather  more  convex  than  anterior ;  dorsal 
and  ventral  edges  nearly  parallel,  tapering  slightly  anteriorly,  dorsal 
nearly  straight,  ventral  a  little  convex  Stalk  attached  at  the  anterior 
end,  on  the  ventral  side  of  the  branchial  apertui'e  from  which  it 
tarns;  it  \b  long,  thin,  and  like  a  piece  of  string.  Branchial  aperture 
terminal  and  medium ;  atrial  on  the  dorsal  edge  two-thirds  of  the  way 
down»  directed  dorsaUy.  Surface  even  and  pretty  smooth,  hero  and 
there  slightly  granulated,  a  band  of  close-set  slight  projections  form- 
ing a  line  cutting  off  about  a  fourth  at  the  hinder  end,  from  the 
atrial  apertures  dorsally  to  the  edge  of  the  posterior  end  ventrally. 
Colour  pale  yellowish-white.  Length  of  body,  2*5  cm. ;  breadth, 
1*7  cm. ;  thickness,  1*5  cm. ;  length  of  stalk  about  14  cm. 

Test  thin  but  tough,  semi-opaque. 

Mantle  very  thin,  closely  adhering  to  test,  musculature  feeble. 

Branchial  sac — Folds  very  straight.  Transverse  vessels  all  the 
same  size.  Internal  longitudinal  bars  wide.  Meshes  large,  elon- 
gated vertically.     Spicules  very  small  but  ramifying  and  numerous. 

Dorsal  lamina  formed  by  large  triangular  languets. 

Teataeles  very  long,  about  twenty-four  in  number,  large  and 
small  alternately. 

Olfaetcry  tubercle  small,  ellipsoidal,  with  no  aperture. 

Viscera,    Three  genital  glands  on  each  side  of  cloaca. 

Several  specimens  from  Station  146  (between  Cape  of  Good 
Hope  and  Kerguelen  Island),  1375  fathoms. 
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Culeolua  perlucidutii^  n.  sp. 

External  apjpearuiice, — Shape  of  body  ovate,  the  anterior  end 
being  narrow,  while  the  posterior  is  round  bat  not  very  broad; 
dorsal  edge  slightly,  and  ventral  edge  extremely  convex.  Stalk  long 
and  thin,  attached  to  the  anterior  end,  which  tapers  into  it,  turned 
away  from  the  branchial  apertura  Branchial  aperture  on  the  dorsal 
edge  about  one-fourth  of  the  way  down  from  the  stalk  ;  atrial  at  the 
dorsal  edge  of  the  posterior  end,  directed  dorsally  and  posteriorly ; 
both  apertures  prominent.  Surface  even  and  nearly  smooth,  being 
slightly  granulated  here  and  there.  Colour  light  grey.  Length 
of  body,  2  cm. ;  breadth,  1*4  cm. ;  length  of  stalk  about  11  cm. 

Test  very  thin  but  tough,  quite  transparent 

Mantle  thin,  not  adhering  to  the  test,  musculature  fine  but 
irregular. 

Branchial  mc  very  delicate.  Transverse  vessels  wide  and  narrow 
alternately.  Meshes  nearly  square.  Spicules  minute  and  very 
few. 

Dorsal  lamina, — Languets  rather  close  and  wide,  tapering  to  a 
poin^ 

Tentacles  numerous ;  a  few  rather  large,  much  branched,  and  a 
considerable  number  of  small  intermediate  ones  of  different  sizes. 

Viscera, — One  large  genital  gland  on  each  side. 

Several  specimens  from  Station  147  (between  Cape  of  Good 
Hope  and  Kerguelen  Island),  1600  fathoms. 

Culeoltis  siJimi,  u.  sp. 

Extemai  ajp^pewrance. — Shape  of  body  between  ovate  and  wedge- 
shaped;  anterior  end  narrow,  posterior  end  wide;  vential  edge 
nearly  straight^  dorsal  edge  strongly  convex.  Stalk  attached  a  little 
on  the  ventral  side  of  the  anterior  end  and  turned  towards  the 
branchial  aperture,  of  moderate  length,  thin.  Branchial  aperture 
prominent,  terminal,  and  medium ;  atrial,  on  the  dorsal  edge,  fully 
two-thirds  of  the  way  down,  directed  dorsally  and  slightly  pos- 
teriorly. Surface  even,  granulated  all  over,  and  having  a  band  of 
dose-set  projections  cutting  off  a  third  of  the  body  posteriorly 
and  dorsally,  being  directed  obliquely  from  about  half-way  down 
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dorsal  edge  to  the  posterior  end  of  the  ventral  edge,  where  it 
fonnfi  a  projection.  Colour  dark-brown.  Length  of  body,  1  '5  cm. ; 
breadth,  '9  cm. ;  length  of  stalk,  6  cm. 

Text  thin  but  stiff,  quite  opaque. 

ManUe  veiy  delicate,  musculature  feebla 

Branchial  sac, — Folds  slight.  Transverse  vessels  all  one  size. 
Internal  longitudinal  bars  wide.  Meshes  nearly  square,  usually 
lather  elongated  transversely.  Spicules  large  and  branched,  not 
very  numerous. 

Dorsal  lamina  formed  of  large  blunt  languets. 

Teniades  branched,  sixteen  in  number,  long  and  short  alternately. 

One  specimen  from  Station  44  (off  the  east  coast  of  North 
America),  1700  fathoms. 

Culeohis  mosdeyl,  n.  sp. 

External  appearance, — Shape  of  body  regularly  pyriform,  anterior 
end  attenuated  and  produced,  being  continued  into  the  long  thin 
stalk ;  posterior  end  wide  and  rounded ;  dorsal  and  ventral  edges 
omilar,  convex,  the  anterior  half  of  each  tapering.  Stalk  turned 
towards  the  branchial  aperture,  which  is  on  the  dorsal  edge,  nearly 
one-fourth  of  the  way  down,  and  directed  dorsally  and  anteriorly ; 
atrial  in  the  centre  of  the  posterior  end,  directed  posteriorly.  Sur- 
^  even  but  rough,  being  equally  granulated  all  over.  Colour 
pale  yellow.  Stalk  marked  with  a  fine  reticulation  of  a  brown 
colour.  Length  of  body,  2  cm. ;  breadth,  1  '2  cm. ;  length  of  stalk 
about  9  cm. 

Ted  rather  thick  and  stiff,  quite  opaque. 

Mantle  thin,  muscle  bands  strong,  but  distant 

Branchial  sac — Folds  slight  Transverse  vessels  all  the  same 
^  Internal  longitudinal  bars  wide.  Meshes  square.  Occasional 
&)e  transverse  and  longitudinal  bars  cross  the  meshes,  but  they  are 
latelj  seen,  and  do  not  extend  for  any  distance.  Spicules  very 
^^e  and  branched,  numerous. 

Dorsal  lamina.     Languets. 

Tadades  small,  very  deUcate,  with  only  occasional  minute 
blanches. 

TOL.  XL  M 
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Olfactory  tvherde  with  the  opening  tamed  towaids  the  right 
side ;  anterior  horn  turned  oatwards,  posterior  coiled  outwards. 

One  specimen  from  Station  271  (in  the  centre  of  the  Pacific 
Ocean),  2425  fathoms. 

These  six  species  of  Culeolus  are  all  from  upwards  of  500  fathoms; 
five  of  them  are  from  over  1000  fethoms,  four  from  over  1500, 
and  two  from  upwards  of  2000  fiithoms.  They  all  belong  to  the 
abyssal  zona 

In  connection  with  the  uniformity  of  the  abyssal  fauna,  it  is 
interesting  to  note  that  these  six  species,  the  only  deep-water 
Bolteninsd,  all  belong  to  one  genus,  notwithstanding  their  wide 
distribution  in  space;  —  one  species  being  from  the  North 
Atlantic,  two  from  the  Southern  Ocean,  one  from  the  South 
Pacific,  one  from  the  North  Pacific,  and  one  from  the  centre  of 
the  Pacific  Ocean  on  the  equator. 

Besides  Ctdeolus,  the  only  genus  in  the  Cynthiadse  represented 
at  depths  of  over  500  fathoms  is  Styelcu  Three  species,  8.  flavOf 
S,  oblonga^  and  S,  glans,  were  obtained  from  600  fathoms,  and  two, 
S.  bythia,  and  S,  sqivamosa^  from  2600  fathoms ;  these  are  perfectly 
normal  members  of  the  large  and  widely  distributed  shallow-water 
genus  Styda.  The  great  msgority  of  the  remaining  species  described 
in  the  present  part  are  from  depths  of  less  than  50  fathoms. 


2.  On  the  Histology  of  the  Pedicellariae  and  the  Muscles  in 
Echinus  sphocra,  Forbes.  By  Patrick  Geddes,  F.B.SJ1., 
Lecturer  on  Zoology  in  the  School  of  Medicine,  Edin- 
burgh, and  Frank  £.  Beddard,  B^,  Assistant-Demon- 
strator of  Zoology,  Oxford. 

(Abstract.) 

This  paper  contains  a  detailed  accoimt  of  the  structure  of  the 
soft  parts  of  the  four  varieties  of  PedioellariflB  in  this  species 
describes  particularly  certain  new  pseudo-skeletal  structures,  and 
concludes  with  a  reconciliation  of  the  hitherto  contradictory  views 
as  to  the  structure  of  Echinoderm  muscle& 


of  Edinburgh,  Session  1880-81.  89 

3.  Additional  Note  on  an  Ultra-Neptanian  Planet. 
By  Professor  George  Forbes. 

On  the  16tli  of  February  1880  I  commTmicated  to  the  Society  a 
research  upon  Comets,  which  led  me  to  believe  in  the  existence  of 
two  new  planets  outside  the  orbit  of  Neptune.  This  memoir  was 
not  published  in  the  "  Transactions,"  and  only  a  short  abstract 
appeared  in  the  Proceedings  of  the  Society.  A  small  number  of 
oojHas  were  privately  printed ;  but  any  one  wishing  for  information 
an  the  subject  will  find  it  most  readily  in  the  "  Observatory,"  1880, 
Jnne  1. 

The  decided  tendency  of  the  aphelia  of  comets  to  group  them- 
aelyea  at  distances  from  the  sun  equal  to  those  of  the  planets  could 
leave  no  doubt  about  the  existence  of  these  two  new  planets.  The 
only  doubtful  point  was  as  to  the  positions  of  the  planets  in  their 
orbita  Meantime  this  research  gives  us  greater  confidence  in  the 
aecmacy  of  the  orbits  of  comets  which  have  been  calculated.  This 
is  most  especially  the  case  with  the  periods  of  revolution  of  comets 
when  those  periods  are  long,  an  element  which  has  hitherto  been 
very  generally  mistrusted.  The  most  remarkable  case  is  that  of 
the  comet  1861,  which  was  calculated  by  Oppolzer  to  have  a 
period  of  415  years,  and  which  I  showed  to  have  returned  three 
times  at  such  an  IntervaL 

It  is  well  here  to  remark  thatj  even  in  those  cases  where  planetary 
pertorbationB  may  have  occurred,  it  is  seldom  that  the  omission  to 
take  account  of  these  could  give  rise  to  serious  error,  since  a 
nuatake  of  ten  years  in  the  date  of  reaching  the  aphelion  would 
effect  the  longitude  of  the  planet  only  to  a  trifling  extent 

At  present  I  have  to  speak  only  of  the  nearest  of  the  two  new 
planets.  It  was  shown  in  the  previous  research  to  lie,  in  the  year 
1B80,  either  close  to  the  ecliptic  in  longitude  174'',  or  else  on  an 
orbit  inclined  to  the  ecliptic  at  53°,  with  the  longitude  of  the 
ascending  node  at  253*",  the  longitude  of  the  planet  on  this  orbit 
^^^  185*".  The  coincidences  in  the  times  of  the  comets  arriving 
^  their  aphelia,  and  the  times  of  a  hypothetical  planet  reaching 
tbose  poeitionsy  were  so  striking  as  to  leave  little  doubt  about  one 
^  these  two  being  the  true  position. 
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Tills  result  was  confirmed  in  a  second  rcsearcli  communicated  to 
the  Society,  1880. 

Here  I  treated  of  the  disturbances  produced  by  the  new  planet 
on  the  longitude  of  Uranus,  as  shown  by  its  residual  tabular  errors, 
favouring  the  hypothesis  of  the  new  planet  moving  nearly  on  the 
ecliptic.  This  research  leaves  not  the  slightest  doubt  about  the 
longitude  of  the  new  planet,  agreeing  precisely  with  my  previous 
work  on  comets. 

I  was  able  further,  by  a  comparison  of  the  periodic  fluctuations 
in  these  residual  errors  with  the  periodic  fluctuations  in  the 
longitude  of  Uranus,  produced  by  the  action  of  Neptune  (for 
which  I  am  indebted  to  Professor  Nowcomb's  "  Theory  of  Uranus," 
p.  100,  &c.),  to  compare  directly  the  map  of  Neptune  with  that  of 
the  new  planet  By  an  easy  harmonic  analysis,  the  eflect  of 
Neptune  is  found  to  be  about  ten  times  that  of  the  new 
planet  But  the  new  planet  is  three  times  farther  from  the 
sun  than  Neptune,  and  the  action  is  proportional  inversely  to  the 
cube  of  the  distance  in  equal  times.  Moreover,  in  the  case  of 
Neptune,  the  period  during  which  this  action  lasts  is  75  years, 
while  in  the  case  of  the  new  planet  it  is  only  45  years ;  and  the 
eflects  are  proportional  to  the  squares  of  the  times.  Hence  the 
mass  of  the  new  planet  is  to  that  of  Neptune  in  the  ratio  of 

^^3»x^':  1  =  10:1  nearly. 

The  mass  of  Neptune  adopted  by  Newcomb  was  xtt^ttt*  ^^ 
makes  the  mass  of  the  new  planet  =  Yvti^  ^^  'xxiBaA  of  the  sun 
being  tmity.  This  is  the  newest  result  at  which  I  have  arrived 
after  a  most  careful  examination.  The  new  planet  is  then  the 
largest  but  one  in  the  solar  system. 

It  occurred  to  me  lately  that,  with  these  well-defined  perturba- 
tions, it  will  be  easy  to  decide  between  the  two  hypotheses 
discussed  in  my  first  memoir.  For  if  the  new  planet  be  at  present 
in  a  position  so  very  far  from  the  ecliptic  as  is  indicated  by  the 
first  hypothesis,  then  we  should  expect  to  find  periodical  fluctuations 
in  the  residual  tabular  errors  of  the  latitude  of  Uranua  In  fact, 
we  might  even  hope  by  this  means  to  determine  its  latitude  approxi- 
mately. [As  a  first  approximation  the  latitude  of  the  new  planet 
may  without  serious  error  be  considered  constant  during  a  period  of 
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half  a  century.]     The  period  of  revolution  of  Uranus  is  84  years, 

whilst  its  period  synoclical  with  the  new  planet  is  92  years.     It  is 

nnfortunate  that  these  periods  are  so  nearly  alike,  because  it  makes 

it  difficult  for  harmonic  analysis  to  discriminate  between  those 

errors  of  latitude  due  to  errors  in  the  assumed  inclination  and 

longitude  of  ascending  node,  and  those  which  are  due  to  the  action 

of  the  new  planet     Nevertheless,  any  large  effect  as  we  should 

expect  upon  the  first  hypothesis  ought  clearly  to  be  distinguished. 

The  eiTOis  of  latitude  are  taken  from  Newcomb,  p.  176.     They  are 

very  small  in  the  last  50  years,   but  show  a  marked  periodic 

flnctoation  of  about  92  years.     There  are  two  dates,  however — 1861 

and  1864 — ^when  the  errors  are  completely  discordant     I  think  we 

maj  with  reason  reject  these  two  on  the  ground  that  up  to  1861 

the  observations  used  were  almost  entirely  those  of  Greenwich  and 

P&ris.     Those  after   1868  are  almost    entirely  Greenwich    and 

Washington;    while  between  these   dates  those    of    Greenwich, 

Paris,  Washington,  and  Leyden  are  used.     We  have  then  residual 

periodic  fluctuation,  due  to  the  action  of  the  new  planet  from 

which  we  are  able  to  determine  its  latitude.     In  this  way  I  find  its 

probable  latitude  to  be  about  2*"  south. 

This  may  not,  perhaps,  be  extremely  accurate,  but  it  completely 
establishes  the  truth  of  the  second  hypothesis. 

Although  from  my  study  of  Uranus  I  had  no  doubt  about  the 
accuracy  of  the  conclusions  in  my  first  memoir,  still  it  was  with 
some  gratification  that  I  received  the  following  letter  from  Mr  D. 
P'  Todd,  of  the  Nautical  Almanac  Office  in  Washington  : — 

**  Katjtical  Almakao  Office, 
"  Navy  Depabtment,  Washington,  16th  June  1880. 

"  DiAB  Sib, — ^About  a  month  ago  I  read  with  intense  interest  a 
copy  of  your  memoirs  "  On  Comets  and  Ultra-Neptune  Planets,' 
which  came  to  this  office.  You  cannot  fail  of  understanding  my 
^thnsiasm  about  the  matter,  in  so  far  at  least  as  it  relates  to  the 
Friction  of  position,  when  I  tell  you  that  some  three  years  ago  I 
wag  engaged  on  a  provisional  treatment  of  residuals  of  longitude  of 
Uranus  and  Neptune,  having  in  view  the  detection  of  possible 
exterior  perturbations.  On  my  first  reading  of  your  paper  I  took 
Ae  notion  in  some  way  that  your  assigned  longitude  was  a  long 
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way  different  from  mine,  and  I  thoughft  nothing  mare  about  it  fbt 
several  days ;  but  tben^  on  referring  to  my  papers^  what  waa  my 
astonishment  and  delight  on  finding  that  your  position  tot  the 
interior  of  the  two  planets  differs  only  four  degrees  from  the  position 
which  I  had  assigned  from  my  own  work^  and  marked  upon  a  slip 
of  paper  on  the  morning  of  the  10th  October  1877.  Of  course  all 
my  work  was  necessarily  inconclusiye,  as  there  are  not,  even  up  lo 
the  present  moment^  any  well-marked  residuals  in  the  case  of  either 
Uranus  or  Neptune ;  so  I  have  never  yet  published  the  investigation. 
But,  at  the  same  time,  I  thought  well  enough  of  the  work  to 
attempt  a  practical  search  for  a  trans-Neptunian  planet  It  was 
conducted  with  the  great  refiractor  of  the  Naval  Observatary  during 
the  latter  part  of  1877  ^d  early  in  1878.  By  reference  to  my 
observing  book,  I  find  that  the  investigation  to  which  I  have 
alluded  led  ma  to  begin  the  search  at  longitude  146"*.  I  have  not 
my  papers  here  at  the  office ;  but^  if  my  memory  is  rights  I  arrived 
at  a  position  in  longitude  somewhat  less  than  170*",  on  a  date  later 
by  a  few  days  than  that  I  previously  mentioned;  and  I  further 
believe  that  I  decided  to  begin  the  search  at  a  point  some  fifteen 
to  twenty  degrees  preceding  that  indicated  as  most  pxobable  by  my 
researcL  I  found  the  practical  search  much  the  most  arduous  task 
that  I  had  ever  set  myself  about,  and  the  matter  was  the  more 
aggravating  because  my  regular  day  work  could  suffer  no  interrup- 
tions, and  the  great  telescope  was  not  at  my  service  until  after 
midnight  Furthermore,  my  residence  was  something  like  two 
miles  distant  from  the  Observatory,  and  I  had  no  assistance  what- 
ever in  the  dome.  The  search  was  abruptly  terminated,  by  circum- 
stances beyond  my  control,  at  longitude  186°.  But  as  I  took  only 
a  narrow  zone,  at  a  given  inclination  so  elliptic,  I  have  never 
r^arded  the  search  definitive.  I  have  not  yet  fully  concluded 
what  I  shall  do — if  anything — with  my  investigation.  I  think, 
however,  that  if  I  have  leisure  during  the  next  few  months,  I  shall 
repeat  the  work  quite  independently  of  what  I  previously  did,  and 
publish  at  least  the  results,  if  there  seems  to  be  anything  worth  the 
while. — I  am,  dear  Sir,  yours,  with  much  respect, 

« (Signed)  D.  P.  Todd. 

"  To  Professor  George  Forbes,  M.A., 
"Anderson's  College,  Glasgow,  Scotland." 
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Mr  Pliny  Bade  Chase,  of  Hayecford  College,  forwarded  a  poat- 
CMd,  dated  July  30,  1880,  to  the  Eoyal  Society  of  Edinburgh, 
which  was  handed  to  me,  whose  contents  are  as  follows : — 

"  mtrorNepitmian  Planets.  —  Professor  George  Forhes*  hypo- 
the&al  planets  are  represented  by  my  ^  series  (Proc  Amac.  Phil. 


Soc,  xiiL  140). 

Theoretical. 

''-        -31 
32             ^^ 

Mercury,  perihelion. 

Obaerred. 

•31 

31  =        -^^ 

Earth, 

)) 

•98 

31=      3-«* 

Asteroids  (« 

.2  + 

Mars), 

-      3^04 

31=      '-^^ 

Saturn, 

=      9^64 

31=    »«•«* 

Neptune, 

-    30-04 

31-    »2-79 

Forbes,  L, 

-  lOO^OO 

i  =  29«-52 

Forbes,  IL, 

-  300^00." 

In  May  1880,  the  Earl  of  Craufurd  and  Balcarres,  then  Lord 
lindsay,  sent  a  circular  from  Dunecht,  stating  that  I  would  forward 
a  copy  of  my  memoir  to  those  who  were  likely  to  assist  in  the 
poetical  search.     This  led  to  a  distribution  of  about  100  copies ; 

• 

in  consequence  of  which  a  large  number  of  excellent  telescopes 
ve  now  being  employed  in  the  search,  and  a  considerable  number 
of  charts  of  that  region  have  been  forwarded  to  me.  But  hitherto 
tiie  obacrvations  have  been  too  few  to  expect  results.  Mr  NewaU 
kindly  lent  me  his  gigantic  refractor ;  but  during  six  weeks  that  I 
^  on  the  watch  I  had  not  a  single  really  good  night. 

With  regard,  then,  to  the  future  search  for  the  planet,  I  would 
leconimend  (1)  a  search  over  a  zone  extending  over  about  five  degrees 
on  each  side  of  the  position  indicated  by  me,  and  going  at  least  to 
^0  degrees  south  of  the  ecliptic.  (2)  I  would  recommend  a  special 
*^^h  in  the  position  indicated  by  the  stars  observed  by  Eiimker 
M  Paramatta^  mentioned  in  my  last  communication  on  this  subject 
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to  the  Society,  which  I  there  surmised  to  be  the  new  planet. '  I  find 
that  these  stars  were  generally  observed  only  once.  The  dates  are 
not  given  in  the  catalogue,  but  they  all  lie  on  one  great  circle  quite 
close  to  the  ecliptic.  They  have  never  been  observed  by  other 
astronomers.  The  mean  position  of  these  three  stars  is  about  lOh. 
d9nL  RA.  I  believe  that  the  mean  time  of  observation  of  these 
stars  was  about  the  year  1835.  In  46  years  the  new  planet  would 
move  over  IS'S**,  or  Ih.  2m.  This  would  make  the  present 
position  of  the  new  planet  =  llh.  41m.,  agreeing  within  Im.  of  the 
theoretical  time. 

4.  On  some  Efifects  of  Sotation  in  Liquid  Jets.     By 

Professor  Tait. 

The  author  had  noticed  that  a  jet  of  mercury  from  a  funnely 
falling  horizontally  and  nearly  tangentially  on  a  slightly  inclined 
glass  plate,  seemed  to  roll  upwards  along  the  plate.  Attributing 
this  to  a  rotation  of  the  jet,  he  endeavoured,  with  success,  to  re- 
produce the  phenomenon  with,  water  jets  escaping  from  a  rapidly 
rotating  tube,  and  falling  on  a  slightly  inclined  glass  surface  covered 
with  a  thin  layer  of  paraffin. 

Another  curious  fact  was  observed  when  the  efflux  was  slow,  and 
the  tube  rotated  very  rapidly.  The  water,  on  escaping  from  the 
rotating  tube,  instead  of  proceeding  as  a  jet,  crept  round  the  fixed 
tube  in  which  the  rotating  tube  was  enclosed,  and  escaped  by 
dropping  off  at  a  distance  of  nearly  half  an  inch  from  its  open  end. 

5.  Note  on  the  Influence  of  Temperature-Change  of  Con- 
ductivity on  the  Conduction  of  Heat  in  Solids.  By 
Professor  Tait 

(The  substance  of  this  note  is  incorporated  in  the  first  of  Professor 
Tait's  papers  of  February  7,  below.) 

BUSINESS. 

Sven  Lov^n,  Director  of  the  Museum  and  Professor  of  Natural 
History  at  Stockholm ;  Simon  Kewcomb,  Professor,  United  States 
Navy,  Washington;  £mile  Plantamour,  Professor  of  Astronomy, 
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Observatoiy,  Geneya;  Johannes  lapetus  Smith  Steenstrup,  Pro- 
fessor of  Zoology  at  Copenhagen,  were  balloted  for,  and  declared 
duly  elected  Foreign  Honorary  Fellows  of  the  Society. 

The  Hon.  Justice  Grove,  M.A.,  D.C.L.,  LL.D.,  and  the  Rev. 
Geoige  Salmon,  D.D.,  D.C.L.,  LL.D.,  Eegius  Professor  of  Divinity, 
Trinity  College,  Dublin,  were  balloted  for,  and  declared  duly  elected 
BiifeiBh  Honorary  Fellows  of  the  Society. 


Monday,  7th  February  1881. 

Professor  DOUGLAS  MACLAGAN,  Vice-President. 

in  the  Chair. 

The  Chairman  read  Obituary  Notices  of  Mr  Thomas  Key, 
Dr  William  Lassell,  Mr  Maurice  Lothian,  Mr  Mungo  Ponton. 
Mr  Thomas  Knox,  The  Hon.  Lord  Ormidale,  Professor  Sharpey 
—deceased  Fellows  of  the  Society. 

OBITUARY  NOTICES. 

Thomas  Key.     By  J.  Sanderson,  Deputy  Inspector-General 

of  Hospitals. 

Mr  Thomas  Key,  Licentiate  of  the  College  of  Surgeons  of 
Edinburgh,  was  a  son  of  Dr  Patrick  Key,  Physician  in  Forfar. 
He  was  horn  in  that  town  in  1803,  and  received  his  early  education 
theie.  He  attended  the  hterary  classes  at  the  St  Andrews 
University  hefore  coming  to  the  University  of  Edinhurgh  to  study 
inedicine.  At  the  age  of  nineteen  he  received  his  diploma  of  Surgeon 
fe)m  the  College  of  Surgeons  of  that  city.  In  the  following  year 
^e  received  the  appointment  of  assistant-surgeon  in  the  Madras 
Hedical  Service  of  the  Honourahle  the  East  India  Company. 

Very  shortly  after  his  arrival  in  India,  he  was  appointed  to  the 
Hydrabad  Contingent  Forces  in  the  Deccan,  in  which  he  served  aix- 
*cen  years.  During  this  time  he  held  the  office  of  medical  store- 
^^per,  and  was  also  superintendent  of  the  Medical  School  at 
^lamm,  which  position  he  held  tiU  1842.  In  that  year  he  was 
impelled,  from  the  state  of  his  health,  to  resign  his  office  and  return 
^Europe. 

TOU  XI. 
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During  his  service  in  the  Nizam's  Army  in  the  Deccan,  lie  several 
times  received  the  thanks  of  the  Resident  for  the  efficient  manner 
in  which  he  had  discharged  his  official  duties,  and  also  for  having 
introduced  a  method  of  preparing  certain  medicines,  which  rendered 
it  unnecessary  to  procure  supplies  of  them  from  England. 

While  at  home  he  attended  the  classes  of  Materia  Medica  and 
Pharmacy  and  Chemistry  in  the  Edinburgh  University. 

In  1845  he  returned  to  India,  and  was  called  upon  to  do  military 
duties  with  a  native  regiment  for  a  short  time. 

In  1846  he  was  appointed  Professor  of  Chemistry  and  Materia 
Medica  to  the  Madras  Medical  School,  of  which  school  he  became, 
in  1849,  superintendent.  When  in  that  position  he  published  a 
Manual  of  Chemistry  for  the  use  of  the  students,  a  second  edition 
of  which  was  called  for  in  1852. 

He  forwarded  to  the  great  Exhibition  of  1851  specimens  of 
Fixed  Oils  which  he  had  prepared,  and  for  which  he  had  the  honour 
of  having  awarded  to  him  by  the  Commissioners  one  of  the  Medals 
of  Merit  of  the  Exhibition. 

On  promotion  to  the  superintending  surgeon  grade,  he  ceased  by 
the  existing  rules  of  the  service  to  be  longer  attached  to  the 
Medical  School,  and  discharged  the  duties  of  this  office  in  the  above 
capacity  till  his  health  compelled  him  to  leave  India  in  1854. 

During  his  residence  at  Madras  he  devoted  much  time  to  several 
institutions,  among  which  may  be  mentioned  the  Military  Male 
Orphan  Asylum;  the  Monegar  Choultry,  an  institution  for  the 
medical  treatment  of  the  native  poor,  of  which  he  was  secretary  and 
treasurer  for  seven  years ;  and  the  Madras  Medical  Fund,  of  which 
he  was  secretary  for  four  years. 

For  his  very  valuable  services  in  these  capacities,  he  had  the 
honour  of  receiving,  on  his  retirement  from  the  service,  the  thanks 
of  the  Government  and  of  the  Boards  of  these  institutions. 

Since  1854  he  resided  chiefly  at  Edinbuigh.  He  was  elected  a 
Fellow  of  the  Society  in  1868,  and  died  suddenly  at  Edinburgh  on 
Sunday,  18th  January  1880,  at  the  age  of  76. 
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William  Iassell.    By  the  Eev.  T.  E.  Eobinson,  D.D.,  F.E.S., 

Armagh  Observatory. 

WniiiAX  TiAHBKTir<  belonged  to  a  class  of  men  which  is  (as  far  as 
I  know),  peculiar  to  these  Islands ;  men  who,  while  carrying  on 
commercial  or  manufacturing  business  with  energy  and  success,  join 
to  it  higher  pursuits,  seeking  recreation  in  devotion  to  some  depart- 
ment of  science,  some  doing  this  at  much  sacrifice  of  time  and 
kboar,  and  frequently  at  a  princely  expenditure  of  money,  and  often 
nwaided  by  results  of  the  highest  importance  to  knowledge.  Such 
persons  deserve  all  honour,  and  of  such  none  more  than  the  subject 
of  this  notice,  whose  services  to  what  may  be  called  Optical 
Astronomy  were  so  great  as  fairly  to  entitle  him  to  rank  with  Sir 
William  Herschel  and  Lord  Eossa  He  first  became  known  to  the 
astronomical  world  in  1840  by  his  description  of  a  Newtonian  of 
nine  inches  aperture,  which  he  mounted  on  an  Equatorial  of  his 
own  contrivance  at  his  residence  near  Liverpool  The  specula  were 
polished  by  hand,  but  must  have  been  of  surpassing  light  and 
definition,  for  he  saw  with  it  (having  no  previous  knowledge  of  the 
star's  existence)  the  sixth  star  of  the  trapezium  in  Orion,  which 
the  elder  Struv^  had  failed  to  detect  with  the  renowned  Dorpat 
AehromaHc  nine  and  half  inches  aperture  ! 

With  this  instrument  he  did  good  work  for  some  years,  till  the 
raccess  of  the  late  Lord  Eosse,  in  figuring  specula  of  very  large  size 
^J  machinery,  made  him  wish  for  a  larger  telescope.  After 
^ting  Parsonstown  and  studying  Lord  Eosse's  work,  he  con- 
structed a  two  feet  Newtonian  by  processes  which  he  has  described 
Jnthe  "Astronomical  Society's  Memoirs"  (voL  xviiL)  with  singular 
pKcision  and  clearness  of  detail  He  was  far  from  copying  Lord 
1^*8  method  (and  his  mode  of  forming  the  alloy  was  objection- 
able, when  arsenic  was  used,  even  dangerous),  and  although  his 
iDschine  was  found  by  himself  and  also  by  Warren  De  La  Eue  to 
^  imperfect,  yet  his  minute  observation  of  even  the  most  trifling 
^ts  and  his  intelligent  appreciation  of  their  bearings  on  the  result, 
enabled  him  to  obtain  in  this  instance  also  an  admirable  telescope ; 
though  ultimately  he  used  another  machine  whose  action  nearly 
f^embled  Lord  Eosse's. 

^  telescope  showed  seven  stars  in  the  Orion  trapezium,  which 
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from  my  acquaintance  with  that  object  in  Lord  Eosse's  six  feet,  I 
consider  a  real  feat.  With  it  he  discovered  the  obscure  ring  of 
Saturn,  his  eighth  satellite,  two  satellites  of  Uranus,  and  one  of 
Neptune,  besides  making  a  number  of  valuable  observations  on  the 
physical  aspects  of  the  Planets.*  In  1850  he  appKed  to  the  specula 
of  this  telescope  a  system  of  lever  counterpoises  intended  to  support 
their  weight  laterally  and  prevent  any  of  the  distortions  which  he 
thought  the  usual  hoop  supports  might  produce  at  low  altitudes. 
But  it  may  be  questioned  whether  they  were  less  likely  to  do  harm 
than  the  hoop,  which  acts  very  welL  Latterly,  dissatisfied  with  the 
smoky  atmosphere  of  Lancashire,  he  established  this  telescope  at 
Malta,  where  he  observed  with  it  for  a  year.  The  wonderful  clear- 
ness of  the  sky  excited  in  him  a  desire  for  yet  more  powerful 
optical  means,  and  he  constructed  another  Newtonian  of  four  feet 
aperture,  which  he  has  described  in  the  '*  Memoirs  of  the  Astrono- 
mical Society,  vol.  xxxvi"  Its  equatorial  is  similar  to  the 
mountings  of  the  former  telescopes,  but  it  would  not  be  sufficient 
for  the  present  demands  of  Astronomy,  though  it  met  all  his 
requirements  then.  Yet  it  was  a  noble  piece  of  engineering  (and  its 
low  cost  as  compared  with  that  of  more  recent  equatorials  is  not 
unimportant).  The  tower  which  carries  the  observer  is  well  worthy 
of  notice.  It  was  erected  at  Malta  in  1862,  and  Lassell  worked 
with  it  for  four  years,  when  failing  health  compelled  him  to 
renounce  open  air  observations,  and  to  return  to  England.  In  proof 
of  the  excellence  of  this  telescope  it  may  suffice  to  quote  the  words 
of  Otto  Struve  : — 

"The  way  in  which  it  showed  the  satellites  of  Uranus  and 
Neptune  gave  me  a  very  high  idea  of    the  excellence  of    Uus 

telescope Several  double  stars  which  I  examined  convinced 

me  that  in  respect  of  sharpness  of  image  Mr  Lassell  has  obtained 
a  remarkably  favourable  reeiilt ;  x  Aquila  7  and  8  magnitudes  and 
0*6  apart,  were  clearly  separated  in  dark  night.  ....  And  the 
images  were  equally  perfect  at  all  altitudes." 

The  observations  at  Malta  occupy  a  large  part  of  voL  xxxvi  of 
"Astronomical  Memoirs,'*  and  are  of  great  value,  in  particular  those 
of  Nebulae,  with  their  accompanying  illustrations;  for  the  coiTectness 

*  Some  of  these  were  simultaneously  obserred  by  Bond  in  America,  with  the 
Harvard  fiftten  inch  aperture  Achromatic. 
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of  several  I  can  vouch  from  my  acquaintance  with  them  in  the 
PaiBonstown  six  feet 

It  IB  greatly  to  be  regretted  that  this  noble  telescope  was  not 
acquired  by  some  national  Observatory.  Lassell  was  willing  to 
dispose  of  it  to  the  Victoria  authorities,  who  were  thinking  of 
establisliing  a  great  telescope  at  Melbourne ;  but  an  unhappy  mis- 
understanding prevented  them  from  accepting  his  offer.  After  a 
few  years  the  instrument  was  broken  up,  and  its  materials  sold. 
On  his  return  to  England  he  re-erected  the  two-feet  Equatorial  and 
continued  to  observe  with  it  till  his  sight  failed  him.  He  died 
October  5,  1880,  in  his  82nd  year.  He  was  not  less  active  as  a 
writer  than  as  an  observer.  In  the  Eoyal  Society  Catalogue  his  name 
occurs  seventy-seven  times,  and  there  is  scarcely  one  of  those  papers 
that  does  not  contain  valuable  information.  And  his  work  was  well 
appreciated.  The  University  of  Cambridge  conferred  on  him  the 
degree  of  LL.D.  He  was  a  member  of  many  celebrated  scientific 
Societies,  and  was  President  of  the  Astrononucal  Society,  whose 
gold  medal  he  received ;  be  received  also  a  royal  medal  from  the 
Royal  Society  of  London. 

I  conclude  this  notice  by  stating  that  my  intercourse  with  him 
gave  me  the  impression  that  he  was  a  good  and  noble-minded  man 
of  high  purpose,  and  utterly  unclouded  by  any  of  that  jealous  and 
contentious  spirit  which  too  often  darkens  scientific  life. 

Maurice  Lothian.    By  Sheriff  Mallard. 

j^Iaurice  Lothian,  formerly  Procurator-Fiscal  of  this  county,  died 
at  St  Catherine's,  in  the  neighbourhood  of  this  city,  on  15th  July 
last,  in  his  85tli  year.*  He  became  a  Fellow  of  the  Koyal  Society  in 
1869,  having  then  for  some  years  outlived  that  critical  moment  in 
old  age  mentioned  by  the  Psalmist  For  him,  as  for  others,  our 
diploma  was  one  of  the  crowning  honours  of  an  active  and  well-spent 
life. 

*  Bom  in  the  end  of  the  eighteenth  century,  he  was  wont  to  tell  of  a  family 
u^cident  which  connected  him  with  its  beginning.  His  grandfather  was  in  the 
<  orteoQs  mob.  Disguised  in  his  wife's  clothes,  this  ancestor  took  his  share  in 
^hc  basiness  transacted  in  the  Grassmarket  on  that  memorable  night,  came 
^ooie  before  dawn,  resumed  his  male  attire,  went  down  to  Leith,  took  ship, 
^  nerer  was  heard  of  more. 
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A  shrewd  lawyer,  an  effective  speaker  for  a  popular  audience, 
keen  in  his  aims,  fertile  in  resources  for  attaining  them,  he  rapidly 
achieved  that  local  notoriety  which  some  slight  change  of  circumstance 
and  a  higher  amhition  might  perhaps  have  developed  into  fame.  But 
he  was  content  with  that  pre-eminence  which  he  quite  irresistihly 
won  in  his  own  surroundings,  with  the  admiration  of  some  and  the 
respect  of  alL  His  busy  professional  and  official  life  left  him  little 
leisure  to  cultivate  literature  and  science,  much  as  he,  from  a 
popular  point  of  view,  was  able  to  appreciate  both,  though  he 
recoiled  somewhat  from  the  audacities  of  modem  thought  Many 
years  ago  he  contributed  to  the  eight  edition  of  the  Encyclopedia 
Britannica  an  article  on  ''Master  and  Servant,"  a  short  treatise, 
clearly  and  vigorously  written,  with  reliable  and  sufficient  informa- 
tion upon  the  law  of  that  important  subject  as  it  then  stood.  When- 
ever the  cause  of  morality  and  religion  seemed  to  invite  his  services, 
Maurice  Lothian  stood  forth  as  an  energetic  and  impressive  lay 
preacher.  In  that  connection  one  is  apt  to  picture  to  one's  self  that 
fine  head  and  presence  which  we  all  remember. 

For  many  years  he  was  one  of  the  leading  directors  of  an 
institution  which,  among  other  things,  aims  at  popularising  some 
of  the  results  of  scientific  enquiry.  As  a  vice-president  of  the 
Philosophical  Institution,  Maurice  Lothian  will  be  long  remembered. 
We  desire  that  as  a  Fellow  of  the  Royal  Society  of  Edinburgh  he 
may  not  be  forgotten. 

MuNGo  Ponton,  W.S. 

(From  materials  chiefly  supplied  by  Mrs  Ponton,) 

MuNOO  Ponton  was  bom  at  Balgreen,  near  Edinburgh,  in  the  year 
1801.  He  was  educated  for  the  legal  profession,  and,  in  due  course, 
became  a  Writer  to  the  Signet.  He  was  one  of  the  founders  of  the 
National  Bank  of  Scotland,  and  it  was  in  his  office  that  the  plans 
were  matured  for  the  establishment  of  that  institution.  He  held  the 
office  of  legal  adviser  to  the  Bank,  and  subsequently  that  of  secre- 
tary. The  strain  of  the  double  duties  thus  imposed  on  him  proved 
too  much  for  his  strength,  and  a  serious  attack  of  illness  compelled 
him  to  retire  from  active  life  while  yet  comparatively  a  young  man. 
Since  that  time  he  continued  more  or  less  of  an  invalid,  but  his 
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intengelj  active  mind  found  congenial  occupation  in  scientific  and 
literary  puisuita.  He  discovered  the  peculiar  effect  of  light  on 
gelatine  when  treated  with  the  bichromate  of  potash,  which  was 
afterwards  practically  applied  in  the  autotype  process.  Indeed,  it 
is  upon  the  sensitiveness  of  this  salt  to  light,  under  certain  con> 
diiions,  that  all  the  processes  of  permanent  printing  of  the  present 
day  are  based ;  and  this  discovery  of  his  consequently  marks  the 
eommencement  of  an  era  in  photography,  and  renders  his  name  as 
closely  connected  with  the  history  of  that  art  as  are  those  of 
Ni^pce,  Daguerre,  agd  Talbot  It  was  in  1839 — the  very  year  in 
which  the  wonderful  process  of  Daguerre  was  announced  to  the 
world — that  Mungo  Ponton  called  attention  to  bichromate  of 
potash  as  a  photographic  agent,  and  described  a  process — the 
foundation  of  every  subsequent  permanent  printing  process — 
whereby,  through  that  agent,  durable  impressions  on  paper  might 
be  produced.  This  discovery,  which  had  been  first  announced  to 
the  Scottish  Society  of  Arts  on  29th  May  1839,  was  given  to  the 
world  in  the  Edinburgh  New  Philosophical  Journal,  voL  xxvii., 
1839,  under  the  title,  "  Notice  of  a  Cheap  and  Simple  Method  of 
Preparing  Paper  for  Photographic  Drawing." 

In  December  1838,  he  obtained  the  Honorary  Silver  Medal  of 
the  Society  of  Arts  of  Scotland,  "  for  the  ingenuity  displayed  by 
him  in  the  Model  and  Description  of  his  Improved  Electric  Tele- 
giaph;  read  and  exhibited  10th  January  and  20th  June  1838, 
when  Mr  Ponton  presented  his  elegant  model  to  the  Society,  to  be 
placed  in  their  Museum." 

His  inventive  turn  of  mind  led  him  to  take  a  great  interest  in  the 
Proceedings  of  the  Scottish  Society  of  Arts.  He  was  admitted  a 
Mow  of  that  Society  in  1833,  and  shortly  afterwards  was  made 
Foreign  Secretary.  He  was  elected  their  Vice-President  in  1837, 
&nd  again  in  1844.  He  also  acted  for  some  time  as  editor  of 
their  Transactions.  His  first  scientific  paper,  '*  On  a  Method  of 
increasing  the  Adhesion  of  the  Wheels  of  Locomotives  to  the  Eails  " 
^communicated  to  that  Society  in  1837. 

He  was  the  first  who  employed  the  photographic  method  for 
'^^giitering  automatically  the  fluctuations  in  thermometers  and  other 
"wtruments,  and  for  this  invention  he  received  also  the  Silver 
Medal  of  the  same  Society  in  1845. 
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On  the  20th  of  January  1834,  he  was  elected  a  Fellow  of  the 
Koyal  Society  of  Edinburgh,  and  in  December  preceding  he  contri- 
buted a  paper  to  our  Proceedings  (voL  L  p.  31),  "  On  a  New  Species 
of  Coloured  Fringes  developed  between  certain  pieces  of  Plate-Glass, 
exhibiting  a  new  Variety  of  Polarisation,  and  a  peculiar  Property 
which  renders  them  available  for  the  purposes  of  Micrometry." 
The  author  found  that  the  fringes  presented  the  appearance  of  three 
rectilinear  bands,  each  consisting  of  black,  white,  and  coloured 
stripes,  but  the  central  band  was  afterwards  found  to  be  composed 
of  two  united  into  one.  There  is  thus  a  band  for  each  of  the  four 
surfaces  of  the  plates,  and  these  bands  possess  a  property  which  he 
thought  might  be  available  for  micrometry.  When  the  surface  of 
the  plates  are  parallel,  two  of  the  bands  are  united  into  one  at  the 
centre;  but  if  a  film  be  introduced  between  the  plates,  so  as  to 
cause  them  slightly  to  diverge,  the  two  bands  in  the  centre  will  be 
separated,  and  move  laterally  from  each  other,  still  preserving 
parallelism.  A  film,  y^  of  an  inch  in  thickness,  causes  the  central 
bands  to  separate  to  the  distance  of  an  inch,  so  that  every  -^  of  an 
inch  of  separation  is  equivalent  to  -j-^^Vrnr  ^^  ^^  ^^  ^  thickness. 

On  the  16th  of  January  1837,  he  read  a  paper  to  our  Society  on 
the  condition  of  the  earth,  as  it  is  first  described  in  the  Mosaic 
account  of  the  creation.  In  this  paper,  he  held  that  in  a  philo- 
logical point  of  view,  the  most  correct  translation  of  the  words 
rendered  "  without  form  and  void,"  is  immeasurable  and  imponder- 
able.  He  seemed  to  lean  to  the  opinion  that  the  strata  of  the 
earth  containing  organic  remains  were  formed  during  the  very  epoch 
embraced  in  the  Mosaic  narrative,  and  that  the  primitive  condition 
of  the  earth  was  properly  gaseous.  In  this  connection,  it  may  be 
mentioned,  that  his  theoretical  knowledge  of  music  was  uncommon, 
and  that  he  arranged  to  music  a  metrical  translation  of  the  Psalms 
from  the  original  Hebrew. 

Having  proposed  the  micrometer  above  described,  Mr  Ponton 
subsequently  devised  a  photometer,  which  he  dtjscribed  in  a  paper 
read  to  this  Society  on  the  14th  of  March  1856,  and  published  in 
our  Transactions  (vol.  xxi.  p.  363).  The  principle  of  this  instru- 
ment consisted  in  comparing  lights  of  different  intensities  by 
judging  of  the  relative  brilliancies  of  two  definite  surfaces  when 
illuminated  from  two  sources  of  light  to  be  compared,  care  being 
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taken  to  have  the  illumination  homogeneous.  This  condition  was 
seemed  by  causing  the  light  from  each  source  to  pass  through  a 
combination  of  blue  glass  and  blue  paper  steeped  in  a  solution  of 
Bulphate  of  copper.  This  combination  of  glass  and  paper  was  en- 
closed in  two  tubes.  If  the  apertures  were  equal,  the  blue  spots 
seen  on  admission  of  a  source  of  light  were  exactly  of  the  same 
tint  and  intensity ;  but  if  one  of  the  apertures  were  a  little  smaller, 
one  spot  not  only  seemed  darker,  but  of  a  slight  difference  of  colour. 
This  peculiarity,  when  combined  with  a  definite  modification  of 
the  aperture  of  the  tube  next  the  source  of  light  to  be  compared, 
enabled  the  observer  to  determine  gradations  of  light  with  fully 
more  exactitude  than  the  method  of  equal  shadows. 

Mr  Ponton  was  much  occupied  with  the  laws  of  chromatic  dis* 
peision,  and  read  papers  on  that  subject  at  the  meetings  of  the 
British  Association  held  in  1859  and  1860.  At  the  latter  meeting 
he  also  read  a  paper  "  On  the  Laws  of  the  Wave-Lengths  corre- 
sponding to  certain  points  in  the  Solar  Spectrum."  Indeed,  it  is  a 
remarkable  circumstance,  that  at  the  time  of  his  death,  notwith- 
standing his  advanced  age,  he  was  engaged  in  constructing  an 
iMtrament  for  making  apparent  to  the  eye  the  different  lengths  of 
the  waves  of  light  emanating  from  two  differently  coloured  media. 

In  addition  to  the  scientific  papers  enumerated,  he  wrote  several 
treatises.  His  most  important  work  is  entitled  ''The  Beginning, 
its  When  and  its  How." 

He  endured  his  protracted  affliction  with  exemplary  patience, 
and  endeared  himself  to  all  who  knew  him  by  his  cheerfulness 
and  thorough  kindness  of  disposition. 

It  was  on  the  3d  of  August  1880  that  Mungo  Ponton,  who  will 
^▼er  be  remembered  along  with  Daguerre  and  Fox  Talbot,  as  one  of 
the  fathers  of  photography,  passed  away. 

Thomas  Knox.    By  the  Hon.  Lord  Shand. 

Mr  Thomas  Knox  was  bom  at  Greenlaw  in  Berwickshire  in  1818. 
At  an  early  age  he  left  his  father's  house  and  came  to  Edinburgh, 
vh^  he  was  apprenticed  as  a  draper.  Soon  after  having  completed 
^  apprenticeship  he  went  to  Dundee,  where  he  remained  for  some 
time  as  an  assistant  in  an  extensive  warehouse.  It  was  there  he 
you  XL  0 
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gave  ovidence  of  that  public  spirit  which  was  so  conspicaons  throng 
life,  and  where  the  foundation  of  that  career  of  usefuhiess  for  which 
he  was  distinguished  was  laid.  At  that  time  the  hours  of  shopmen 
were  excessive,  and  impressed  with  the  evils  of  this,  he,  in  union  with 
others,  inaugurated  the  movement  for  shorter  hours.  It  was  at  a 
meeting  of  young  men  that  Mr  Knox  set  himself  to  expose  the  bad 
effects  of  protracted  hours  of  labour,  and  to  point  out  the  importance 
of  intellectual  improvement  of  the  class  interested.  Before  he  left 
Dundee  his  gifts  as  a  public  speaker  attracted  attention,  while  his 
aspirations  after  mental  culture  and  social  reform  secured  for  him 
the  position  of  a  trusted  leader  among  the  young  men  with  whom  he 
associated.  After  a  few  years  spent  in  Dundee,  he  returned  to  Edin- 
buigh,  and  ultimately  commenced  business  as  a  partner  in  the  well- 
known  firm  of  Knox,  Samuel  &  Dickson.  Mr  Kjiox  wajs  a  man  of 
remarkable  strength,  both  mentally  and  physically,  and  there  were  few 
public  men  better  known  or  more  generally  respected  among  his  fellow- 
citizens.  His  appearance  was  commanding;  he  had  fine  features,  an 
open  frank  countenance,  a  high  forehead  and  dark  expressive  eyes 
which  gave  an  impression  of  intense  earnestness  to  all  who  met  hiuL 
He  was  distinguished  by  a  breadth  of  thought  and  enthusiastic 
attachment  to  every  movement  that  aimed  at  the  moral,  educational, 
and  social  elevation  of  the  people,  and  he  was  attracted  to  almost 
every  platform  which  sought  to  correct  public  abuses  or  lend  a 
helping  hand  to  the  struggling  and  helpless.  There  was  at  the  same 
time  a  geniality  of  feeling  and  kindliness  of  disposition,  stirred  by 
generous  impulses,  which  secured  for  him  a  hearty  welcome  among 
all  classes.  As  a  politician  he  belonged  to  the  advanced  Liberal  or 
Eadical  section  of  reformers,  but  he  was  at  the  same  time  tolerant  of 
the  opinions  of  those  who  differed  from  him,  whether  Whigs  or 
Conservatives.  As  a  sanitary  reformer  he  was  a  feUow-worker  with 
Dr  Begg,  Dr  Guthrie,  Dr  James  Cowan,  and  latterly  with  Dr  William 
Chambers,  who  found  in  him  a  hearty  coadjutor  in  carrying  out 
the  grand  scheme  for  the  improvement  of  the  city,  by  substituting 
open  well-aired  streets  for  ill- ventilated  and  confined  lanes  and  closes. 
In  order  to  the  enterprise  for  that  object  being  carried  out^  a  large 
amount  of  preliminary  education  was  necessary  to  prepare  the  pubUo 
mind.  With  one  or  two  other  social  reformers,  Mr  Knox  explored 
the  slums  and  dark  places  of  the  city  by  day  and  nighty  and  by  the 
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use  of  his  pen  he  laid  bare  the  trae  state  of  matters,  by  which  the 
citizeDS  were  taken  bj  surprise.  The  exposure  which  he  thus  made, 
by  speeches  and  pamphlets,  and  through  the  columns  of  the  press, 
were  the  necessary  precursors  of  the  City  Improvement  Act.  It  was 
the  explorations  carried  on  by  him  and  others  among  the  masses 
crowded  in  the  lowest  localities  of  the  city  which  also  paved  the 
way  for  the  formation  of  the  Association  for  Improving  the  Con« 
dition  of  the  Poor, — an  association  which  has  for  a  number  of  years 
been  the  means  of  relieving  great  distress  amongst  the  deserving 
poor.  The  old  town  was  divided  into  districts,  and  the  sad  truth 
ascertained,  by  personal  visitation,  regarding  the  depth  of  misery  and 
immorality  in  the  city  slums.  The  result  of  their  labours  was  to 
produce  a  series  of  pointed  and  striking  articles  in  the  daily  press, 
uid  also  a  report  of  the  most  melancholy  and  startling  character, 
uid  as  previously  stated  these  were  followed  by  the  formation  of 
tbe  above  Association.  No  sooner  had  the  Improvement  Act 
become  operative  than  Mr  Knox  cast  about  for  other  fields  of 
philanthropic  effort  His  free  winter  dinners  for  the  street  Arabs  of 
the  city,  which  have  gladdened  many  a  half-starved  child,  and  his 
warm  and  enthusiastic  interest  in  the  Edinburgh  Industrial  Brigade 
and  the  Mars  Training  Ship  as  schools  for  discipline  and  moral  and 
indosthal  education,  for  several  years  engaged  very  much  of  his 
attention. 

As  a  temperance  reformer  he  was  well  known  throughout  Scotland, 
and  the  practical  results  of  his  labours  are  to  be  seen  in  several 
clftuaes  of  the  Forbes  Mackenzie  and  the  Public  House  Amendment 
Acta.  His  fearlessness  and  utter  disregard  of  personal  consequences 
in  the  proclamation  of  the  truth  and  exposure  of  local  abuses  brought 
him  enemies  and  detractors  amongst  those  whose  personal  interests 
woe  affected ;  but,  besides  the  approval  of  a  good  conscience,  he 
^er  failed  to  secure  the  trust  and  confidence  of  his  fellow-citizens, 
*ho  recognised  the  noble  and  generous  motives  which  inspired  him. 

In  his  latter  years  the  influence  of  Mr  Knox  was  powerfully  felt 
i&  the  educational  world.  The  interest  and  labour  which  he  mani- 
^ted,  in  conjunction  with  the  late  Mr  James  Duncan  and  Lord 
^Tost  Boyd,  while  each  in  their  time  were  Master  of  the  Merchant 
Company,  were  largely  instrumental  in  moulding  the  educational 
ayitem  as  zealised  in  the  Merchant  Company  Schools,  which  have 
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proved  so  successful  Again,  so  far  back  as  about  twenty  years  ago, 
he  inaugurated  an  agitation  by  delivering  speeches  and  publishing 
pamphlets  on  the  necessity  for  the  introduction  of  temperance 
teaching  into  school  books.  This  proposal  was  at  first  treated  as  too 
Utopian  to  be  seriously  entertained;  but  before  he  died  he  was 
privileged  to  see  Dr  Benjamin  Eichardson's  Temperance  Manual 
largely  introduced  into  many  of  the  public  schools,  while  temperance 
lessons  were  being  introduced  into  the  school  books  published  by 
Messrs  W.  &  R  Chambers,  Collins  &  Son,  Nelson  &  Sons,  and 
other  noted  publishers. 

The  institution  which  had  the  benefit  of  a  large  share  of  Mr  Knox's 
interest  and  effort  during  the  last  few  years  of  his  life  was  the 
Watt  Institute  and  School  of  Arts,  the  earliest  of  the  Mechanics 
Institutes  founded  in  the  United  Kingdom.  He  was  appointed 
Hon.  Treasurer  in  November  1876,  and  since  that  time  a  complete 
revolution  has  been  effected  in  the  interesting  history  of  the  School 
The  time  and  labour  which  he  gave  in  supporting  and  co-operating 
with  Lord  Shand,  the  President  of  this  People's  College,  in  efforts  to 
extend  the  usefulness  of  the  school  amongst  the  industrial  classes  it 
would  be  difficult  to  overestimate  :  the  result  was  an  accession  of 
students  in  increasing  numbers  in  a  degree  perhaps  unprecedented 
in  the  history  of  any  educational  institution.  Having  regard  to 
the  general  interest  taken  in  the  School  at  the  present  time  by  all 
sections  of  the  citizens,  it  may  be  mentioned  that  the  number  of 
students  in  1875-76  was  1098;  in  1876-77,  1404;  1877-78, 
1977 ;  1878-79,  2185  ;  and  1879-80,  2375.  Thus  in  four  years 
the  increase  was  1280.  In  that  short  period  the  attendance  was 
more  than  double,  and  nothing  tended  to  this  result  more  powerfully 
than  Mr  Knox's  constant  attendance  at  the  classes  in  the  evening 
when  his  business  labours  were  over,  and  his  kind  words  of  encourage- 
ment to  the  students.  It  is  an  interesting  fact  that  the  last  few 
hours  of  Mr  Knox's  life  were  devoted  by  him  to  this  institution. 
Before  retiring  to  rest  on  the  night  of  his  death,  he  wrote  out  the 
draft  of  the  Annual  Report,  in  which  he  made  an  earnest  appeal  that 
the  directors  might  be  supported  in  their  endeavours,  by  means  of 
a  union  with  the  Heriot  Trust,  not  only  to  maintain  the  School  in 
a  state  of  efficiency,  but  to  extend  it  greatly,  so  as  that  it  should 
become  a  People's  College  for  Technical  Education,  really  worthy  of 
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the  nation  and  the  metropolis.  He  died  on  the  4th  of  December 
1879,  in  the  61st  year  of  his  age,  having  devoted  the  best  part  of  his 
life  in  earnest  endeavours  to  promote  the  welfare  of  others. 


Lord  Ormidale.    By  the  President. 

Robert  Macfarlane,  a  judge  of  the  Court  of  Session,  under  the 
title  of  Lord  Ormidale,  died  on  the  2d  of  November  1880,  in  his 
seyeDtj-ninth  year.  He  was  in  many  respects  a  remarkable  man, 
and  his  life  had  elements  of  interest  and  variety  apart  from  his 
profeasional  succesa  Vigour  of  thought  and  force  of  character 
were  the  principal  features  which  distinguished  him,  and  these 
enabled  him,  through  many  changing  scenes  and  some  vicissitudes, 
to  assert  a  foremost  rank  at  the  Bar  and  on  the  Bench. 

He  was  bom  in  Glen  Douglas,  on  Loch  Lomond,  on  the  30th  of 
July  1802,  among  some  of  the  grandest  and  most  beautiful  scenes 
of  the  Scottish  Highlands.  Nor  were  the  traces  of  such  a  birth- 
place without  a  reflection  in  his  character.  The  quick,  ardent, 
intense  enthusiasm  which  marked  the  man,  were  the  natural  fruit 
of  a  boyhood  spent  by  mountain  and  flood  ;  and  the  cloud  and  sun- 
sbine  flitted  across  his  impressionable  spirit,  as  he  must  have  seen 
them  pass  over  his  native  hiUs. 

He  attended  the  University  of  Glasgow  in  the  four  sessions  from 
1816  to  1819,  and  then  came  to  Edinburgh.  Shortly  afterwards  he 
vent  on  a  voyage  to  the  West  Indies,  in  connection  with  the  affairs 
of  a  relative,  and  after  a  short  residence  in  Jamaica  he  spent  four  or 
five  months  in  the  United  States,  before  returning  to  this  country. 

Having  on  his  return  resolved  to  prosecute  the  legal  profession, 
he  became  bound  as  apprentice  to  Mr  James  Greig,  W.S.  In  this 
occupation  he  was  associated  with  two  men  who  were  afterwards 
very  eminent  in  their  respective  careers,  and  very  distinguished  mem- 
1^  of  this  society.  One  was  the  late  Lord  Neaves,  one  of  the  most 
brilliant  of  our  body,  and  the  other  our  late  lamented  Treasurer,  Mr 
David  Smith,  the  loss  of  whose  invaluable  services  we  so  deeply 
deplore. 

On  finishing  his  apprenticeship,  Mr  Macfarlane  resolved  to 
Witer  the  body  of  Writers  to  the  Signet,  and  for  more  than  ten 
J<^  from  1827  to  1838,  carried  on  businsss  in  that  capacity,  as  a 
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member  of  the  firm  of  Mackenzie  <&  Macfarlane.  He  passed  at  the 
Bar  of  Scotland  in  1838,  thus  commencing  his  career  as  a  barrister 
at  the  age  of  thirty-six, — 12  or  14  years  later  than  the  average  age  of 
entrants  to  the  Faculty  of  Advocates.  Such  an  experiment  is 
always  hazardous,  for  all  pursuits  require  a  period  of  initiation ;  and 
the  advantages  of  experience  are  usually  more  than  counterbalanced 
by  the  absence  of  the  elasticity  of  youth,  the  formation  of  con- 
firmed habits  of  thought,  and  the  necessary  disparity  between  the 
age  and  the  professional  standing  of  the  man.  But  Mr  Macfarlane's 
energy,  industry,  and  knowledge  enabled  him  to  surmount  without 
an  effort  difficulties  which  so  often  prove  fatal ;  and  he  was  very 
quickly  abreast  of  the  general  body  of  well-employed  counsel 
This  position  was  rapidly  gained,  and  firmly  maintained  and  in- 
creased, and  his  previous  legal  training  had  been  so  thorough,  and 
his  knowledge  of  the  practical  application  of  law  so  complete,  as  to 
give  him  many  advantages  in  the  field.  He  was  at  one  time  the 
best  employed  jimior  in  the  Parliament  House.  As  a  counsel  in  jury 
trials  he  was  eminent  and  successful,  a  department  in  which  his 
natural  sagacity  and  extensive  knowledge  of  men,  and  of  the 
springs  of  action,  came  to  his  aid  with  great  effect.  He  had,  in  1837, 
before  entering  the  Faculty  of  Advocates,  published  a  work  on  **  Jury 
Practice,"  and  he  followed  this  up  in  1841  by  an  important  volume 
of  "  Keports  of  Cases  tried  by  Jury,"  and  in  1844-49,  in  co]\junction 
with  Mr  Thomas  Cleghorn,  he  published  a  well  known  treatise  on 
"  The  Forms  of  Issues  in  Jury  Trials." 

In  1853  Mr  Macfarlane  was  appointed  to  the  important  Sheriff- 
ship of  Renfrewshire,  a  county,  the  judicial  affairs  of  which  he 
administered  for  nine  years  with  great  efficiency  and  popularity. 
He  was  elevated  to  the  Bench  in  1862,  by  the  title  of  Lord  Ormidale, 
remaining  twelve  years  in  the  Outer  House,  and  removing  in  1874 
to  the  Second  Division  of  the  Inner  House. 

On  the  Bench  he  more  than  maintained  the  reputation  he  had 
vindicated  at  the  Bar.  His  conscientious  labour,  thorough  know- 
ledge of  business,  and  clear  common  sense,  were  qualities  which 
he  combined  with  a  complete  mastery  of  all  branches  of  the  pro- 
fession. In  legal  dialectics  he  engaged  sparingly,  fixing  his  attention 
exclusively  on  the  practical  questions  and  interests  in  the  case 
immediately  before  him,  and  throwing  aside  with  unusual  facility 
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collateral  and  adventitious  surroundings.  No  judge  ever  commanded 
more  completely  the  confidence  and  respect  of  the  profession.  On 
the  Bench  his  previous  training  hehind  the  Bar  came  to  be  of 
material  assistance,  as  it  assured  practitioners  of  the  familiarity  of 
the  judge  with  details  with  which  the  Bench  and  Bar  are  not 
always  conversant.  Accordingly,  while  he  sat  as  a  single  judge  in 
^e  Outer  House,  his  Bar  was  popular,  and  his  judgments,  carefully 
considered,  commanded  a  large  measure  of  confidence;  while  his 
short  but  efficient  career  in  the  Inner  House  was  one  of  unbroken 
ability  and  power.  He  was  vigorous  to  the  last,  although  on  the 
verge  of  fourscore  years.  Neither  his  intellect  nor  his  athletic 
frame  indicated  any  abatement  of  his  strength  when  he  last  appeared 
on  the  Bench,  but  a  few  weeks  before  his  fatal  illness  commenced. 
He  has  left  behind  him  that  inheritance  for  which  all  honourable 
aspirants  after  forensic  distinction  strive,  a  reputation  for  judicial 
ability  and  integrity  which  will  be  long  remembered. 

Lord  Ormidale  married  a  daughter  of  his  friend,  Mr  Greig.  He 
snrviyed  her  many  years,  and  has  left  a  large  family.  In  private 
he  was  a  warm-hearted,  genial,  and  pleasant  companion,  of  a 
l^indly,  generous  nature,  indulgent  to  error,  but  intolerant  of 
meanness  or  deception.  His  hot  Celtic  blood  was  easily  quickened 
by  anything  like  injustice  or  oppression ;  but  even  just  resent- 
ment did  not  long  retain  its  hold  on  him.  Kindly  and  generous, 
he  was  a  firm  friend,  and  a  sagacious,  as  he  was  an  experienced, 
connsellor.  Although  he  had  reached  an  age  beyond  the  usual  limits 
of  life,  no  one  ever  associated  with  the  impulsive  and  ready  vigour 
of  his  thoughts  and  his  demeanour  the  decrepitude  of  age.  His 
was  a  useful  as  well  as  a  successful  life  to  the  end  :  and  while  the 
public  gratefully  remember,  and  deeply  regret  the  loss  of  so  valuable 
a  servant,  many  a  friend  will  long  think,  with  a  heavy  heart,  that 
^  animated  features,  cheerful  voice,  and  ready  sympathy,  will  meet 
them  no  more. 

For  myself,  I  render  this  slender  tribute  to  his  memory  under  a 
•cnse  of  a  grave  personal  bereavement.  I  sat  side  by  side  with  him 
^or  six  years,  and  no  man  could  have  had  a  more  loyal  and  trust- 
worthy colleague^  or  a  truer,  more  trusted,  or  more  attached  friead. 


110  Proceedings  of  the  Royal  Society 

Dr  William  Sharpey.    By  Dr  Allen  Thomson. 

Dr  "William  Sharpey  was  bom  at  Arbroath  in  Forfarshire  on  the 
Ist  of  April  1802.  His  father  was  an  Englishman,  and  belonged  to 
Folkestone  in  Kent;  but  in  the  year  1794  he  migrated  to  Arbroath, 
and  married  Mary  Balfour,  a  native  of  that  town.  Mr  Sharpey 
having  died  shortly  before  the  birth  of  his  son  William,  his  widow 
was  afterwards  married  to  Dr  William  Arrott,  a  medieal  practi- 
tioner of  Arbroath,  in  whose  family  the  subject  of  this  notice  was 
brought  up. 

William  Sharpey 's  education  was  carried  on  np  to  tho  age  of 
fifteen  at  the  public  school  of  Arbroath.  In  November  1817  he 
entered  the  University  of  Edinburgh,  as  a  student  in  the  Faculty 
of  Arts,  attending  the  Greek  and  Natural  Philosophy  classes. 

In  1818  he  commenced  his  medical  studies  in  the  University 
and  the  Extra-academical  School  of  Edinburgh  ;  and  in  1821,  at  the 
eariy  age  of  nineteen,  he  obtained  the  diploma  of  the  Edinburgh 
College  of  Surgeons.  He  then  studied  anatomy  for  some  months  at 
Brooke's  School  in  London,  and  subsequently  passed  nearly  a  year 
in  surgical  and  medical  study  at  Paris.  Eetuming  to  Edinburgh  in 
the  end  of  1822,  he  graduated  in  medicine  in  August  1823,  his 
printed  inaugural  dissertation  bearing  the  title  "De  Ventriculi 
Carcinomate; "  after  which  he  again  spent  some  time  in  Paris  in 
attendance  on  the  Hospitals  and  on  classes  at  the  Garden  of  Plants. 

From  1824  to  1826  his  plans  appear  to  have  remained  undecided; 
but  having  finally  resolved  to  devote  himself  to  anatomical  and 
physiological  pursuits,  for  which  he  had  long  had  a  predilection,  he 
was  desirous  to  improve  himself  still  more  by  foreign  travel,  and 
especially  to  make  himself  thoroughly  acquainted  with  the  system 
of  instruction  in  the  Universities  of  Italy  and  Germany.  With 
this  view  he  spent  more  than  fifteen  months  in  Switzerland,  Italy, 
Austria,  and  Germany,  often  journeying  on  foot  with  knapsack  on 
his  back,  and  storing  up  in  his  wonderfully  tenacious  memory 
that  fund  of  information,  anecdote,  and  incident  which  surprised 
and  delighted  those  who  heard  him  in  after  life  narrate  his  travela 

Reaching  Berlin  in  the  autum  of  1828,  he  gave  his  whole  time 
during  nine  months  to  the  careful  dissection  of  the  human  body 
and  the  study  of  scientific  anatomy,  in  which  he  had  the  inestimable 
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advantage  of  the  friendship  and  assistance   of  the  learned    and 
genial  BadolphL 

On  his  return  from  the  Continent  in  the  autumn  of  1829,  Dr 
Shaipey  established  himself  in  Edinburgh,  and  was  for  a  time 
engaged  in  anatomical  researches.  In  1830  he  became  a  Fellow  of 
the  CoUege  of  Surgeons  there,  upon  which  occasion  he  presented  a 
probationary  essay,  "  On  the  Pathology  and  Treatment  of  False 
Joints."  In  the  summer  of  1831  he  again  spent  some  time  in 
Berlin  for  the  purpose  of  collecting  specimens  to  illustrate  the  course 
of  lectnies  on  anatomy,  which  it  was  his  intention  to  deliver  in  the 
following  winter.  After  embarking  in  this  enterprise  he  continued 
to  give  systematic  instructions  as  a  teacher  in  the  extra-academical 
School  of  Edinburgh,  during  five  years,  or  from  1831  to  1836  ;  and 
vhile  his  success  as  a  lecturer  was  evinced  by  the  large  and  pro- 
gresaive  increase  in  the  number  of  his  pupils,  his  scientific  reputa- 
tion both  at  home  and  abroad  had  advanced  in  a  still  greater  degree 
hy  the  known  care  and  accuracy  of  his  observations,  and  the  extent 
of  his  scientific  knowledge 

In  the  summer  of  1836  the  Chair  of  Anatomy  and  Physiology 
in  the  then  University  of  London  having  become  vacant  by  the 
nsignation  of  Dr  Jones  Quain,  and  the  authorities  and  leading 
medical  professors  of  the  university  being  desirous  to  give  greater 
prominence  than  previously  to  the  teaching  of  Physiology  and 
Physiological  Anatomy,  Dr  Sharpey  was,  in  the  month  of  July, 
selected  to  fill  the  chair ;  it  being  determined  that  while  he,  as 
Professor  of  Anatomy  and  Physiology,  should  give  full  instructions  in 
n^ysiology  and  in  minute  Anatomy  and  the  structure  of  the  Viscera, 
his  colleague,  Mr  Eichard  Quain,  should,  as  Professor  of  Anatomy, 
^ertake  the  more  purely  descriptive  and  practical  anatomical 
department.  There  was  thus  established  in  London  for  the  first  time 
the  fall  and  systematic  teaching  of  Physiology,  which  had  previously 
^  only  imperfectly  treated  as  an  appendage  to  the  courses  of 
Anatomy. 

Dr  Sharpey  applied  himself  to  the  performance  of  his  new  duties 
^th  all  the  care  and  diligence  which  was  to  be  expected  &om  so 
^conscientious  a  teacher,  with  a  range  of  knowledge  of  his  subject 
'^y  equalled,  and  with  powers  of  exact  observation  and  critical 
i^idgment  of  the  highest  order ;  so  that  it  was  not  to  be  wondered 
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at  thaty  as  he  soon  became  more  closely  identified  wilih  all  the 
interests  of  the  institution  to  which  he  belonged,  his  influence 
increased  in  proportion,  and  he  came  to  be  regarded  not  merely  as 
one  of  the  best  teachers  of  his  department,  but  as  one  of  the  highest 
authorities  in  biological  science. 

Dr  Sharpey  continued  to  perform  the  duties  of  his  chair  during 
the  long  period  of  thirty-eight  years,  maintaining  to  the  last  the 
same  scrupulous  care  in  the  preparation  of  his  lectures  and  the 
performance  of  all  his  academic  duties  which  had  distinguished  the 
earlier  and  more  vigorous  parts  of  his  career.  And  all  his  pupils, 
many  of  whom  occupy  very  high  places  in  science  and  medicine, 
acknowledge  with  pleasure  their  debt  of  gratitude  to  their  teacher, 
not  alone  for  the  exact  and  solid  information  which  they  derived 
from  his  instructions,  but  also  for  the  scientific  spirit  and  love  of 
truth  which  he  endeavoured  to  instil  into  their  minds. 

Dr  Sharpey's  wide  range  of  information,  together  with  his  remark- 
ably wise  and  fair  judgment,  were  such  as  to  inspire  great  reliance 
on  his  opinion,  and  naturally  led  to  his  being  called  upon  to  take 
an  active  part  in  the  management  of  other  scientific  institutions  of 
the  metropolis. 

In  1840,  when  the  London  University  obtained  its  charter  to 
grant  degrees,  he  was  appointed  one  of  the  examiners,  and  he 
retained  that  ofiBice  during  the  unusually  long  period  of  twenty- 
three  years.  He  was  at  a  later  period  a  member  of  the  Senate  of 
the  University.  During  fifteen  years  he  was  a  member  of  the 
General  Medical  Council  of  Education  and  Kegistration.  He  was 
a  trustee  of  the  Hunterian  Museum  of  the  Eoyal  College  of 
Surgeons,  and  a  member  of  the  Science  Commission  which  met 
under  the  presidency  of  the  Duke  of  Devonshire  &om  1870  to 
1875.  And  it  need  scarcely  be  said  that  in  the  affairs  of  these 
several  bodies,  as  in  all  others  with  which  he  was  concerned,  his 
extensive  knowledge,  clear  sagacity,  and  sound  judgment  aided 
greatly  the  deliberations  of  those  with  whom  he  was  associated,  and 
contributed  to  the  advance  of  science  and  the  promotion  of  measures 
of  public  utility. 

But  the  body  with  the  management  of  which,  next  to  University 
College,  Dr  Sharpey  was  most  closely  connected,  was  the  Eoyal 
Society  of  London,  which  he  joined  as  Fellow  in  1839,  and  of 
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which  he  was  one  of  the  secietaries  from  1853  to  1872.  Those  who 
weie  most  fully  acquamted  with  the  afifaiis  of  the  Society  know 
best  the  anxious  care  and  judicious  labour  which  he  bestowed  upon 
its  bosiness,  and  readily  distinguish  the  mark  of  his  able  assistance 
in  the  promotion  of  varions  measures  having  important  relations  to 
the  mterests  of  the  Society  and  the  advance  of  science  which  were 
the  subjects  of  deliberation  during  his  tenure  of  office. 

Dr  Sharpey  became  a  Fellow  of  the  Eoyal  Society  of  Edinburgh 
in  1834.  He  was  member  of  many  other  societies  in  this  country 
and  on  the  Continent ;  and  he  received  the  honorary  degree  of 
LLD.  from  the  University  of  Edinburgh  in  1859. 

Dr  Shaipey  was  by  no  means  a  copious  writer,  nor  could  he  be 
ngaided  as  the  author  of  many  new  discoveries,  yet  it  is  universally 
Acknowledged  that  great  value  is  to  be  attached  to  his  original 
obeerTations  and  the  productions  of  his  pen. 

He  never  wrote  out  his  lectures  fully,  but  made  use  only  of  jottings 
on  small  slips  of .  paper,  and  only  two  or  three  of  his  introductory 
lectures  have  been  published  in  the  medical  journals. 

Dming  the  time  of  his  residence  in  Edinburgh,  or  from  1829  to 
1836,  he  was  actively  engaged  in  original  research ;  and  among  the 
ttrliest  and  in  one  sense  the  most  important  of  his  observations 
woe  those  relating  to  Ciliary  Motion,  first  described  in  his  paper 
"On  a  Peculiar  Motion  excited  in  Fluids  by  the  surfaces  of 
Animals "  (Edin.  Med,  and  Surg,  Joum,,  1830,  voL  civ.),  and 
which  formed  the  basis  of  his  very  able  and  complete  article 
*^  Cilia,"  which  appeared  in  the  Cyclopedia  of  Anatomy  and 
Phyiidogy  in  1836.  It  is  true  that  Dr  Sharpey,  as  he  afterwards 
found,  had  been  anticipated  in  several  of  his  observations,  and 
hrther,  that,  from  the  want  of  sufficiently  high  magnifying  powers  in 
bis  microscope,  he  failed  to  detect  the  actual  existence  of  cilia  in 
^  larvae  of  Amphibia  in  which  he  had  observed  the  motions, — a 
<iiK0Tei7  which  was  made  by  Purkinje  and  Valentin  in  1834, — ^but 
it  cannot  be  doubted  that,  by  the  numerous  original  observations 
which  Dr  Sharpey  described  in  his  earlier  paper,  he  was  the  first  to 
point  out  distinctly  the  general  prevalence  of  ciliary  motion  among 
animals,  and  the  important  relations  of  its  phenomena  to  respiration 
^  some  other  functiona  The  article  '^  Cilia,''  as  also  that  of 
**£chinodermatay"   which  in   1837   he  contributed  to   the  same 
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Cyclopaedia,  both  contained  a  large  amount  of  original  matter,  and 
gained  for  Dr  Sharpey  a  high  reputation  as  a  scientific  observer 
and  writer. 

In  1833  Dr  Sharpey  gave  in  the  "Edinburgh  New  Philosophical 
Journal "  an  account  of  Ehrenberg's  Eesearches  on  Infusoria.  In 
1834  he  took  part  in  the  proceedings  of  the  British  Association 
for  the  Advancement  of  Science  which  met  at  Edinburgh^  and 
contributed  a  paper  founded  on  his  own  observations  on  the 
peculiar  distribution  of  the  arterial  vessels  in  the  Porpoisa 

He  delivered  the  "Address  in  Physiology"  at  the  Thirtieth 
Annual  Meeting  of  the  British  Medical  Association  held  in  London 
in  1862 ;  and  in  1867,  as  president  of  the  Biological  section  of 
the  British  Association  at  the  Dundee  meeting,  he  delivered  an 
address  in  which^  as  in  the  one  previously  mentioned,  he  ably 
reviewed  the  progress  of  Physiology,  more  especially  as  regards 
the  apphcation  of  exact  methods  of  research  to  the  solution  of 
physiological  problems. 

But  Dr  Sharpey  was  extremely  fastidious  as  an  author,  and 
though  his  style  was  clear  and  his  language  eminently  appropriate, 
yet  he  shrank  from  frequently  appearing  in  print :  and  accordingly 
much  of  his  original  observation  and  thought  on  scientific  subjects, 
though  involving  laborious  research,  was  made  known  by  him  only 
through  his  lectures,  or  was  published  in  a  more  or  less  fragmentary 
form  in  connection  with  such  systematic  works  as  Baly's  translation 
of  Miiller's  Physiology  and  the  later  editions  of  Quain's  Anatomy. 
In  the  first  of  these  works  it  is  well  known  that  the  excellent 
translator,  who  was  a  distinguished  pupil  of  Dr  Sharpey's  class, 
derived  much  assistance  in  his  labours  from  his  teacher,  and 
several  notable  additions  were  made  to  the  work  by  contributions 
from  Dr  Sharpe/s  pen.  Among  these  one  of  the  most  important  is 
that,  in  the  modest  form  of  a  note,  in  which  he  gave  an  account  of 
original  observations  made  by  himself  on  the  structure  of  the 
uterine  glands  and  membrana  decidua. 

In  1843-46  Dr  Sharpey  published  as  joint  editor  Mrith  Professor 
Kichard  Quain  the  fifth  edition  of  Dr  Jones  Quain*s  Elements  of 
Anatomy,  which,  from  the  amount  of  new  matter  introduced  and 
changes  made  by  the  editors,  assumed  almost  the  character  of  a  new 
work.     In  this  edition  the  General  Anatomy  was  entirely  rewritten 
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by  Dr  Shaipey,  and  tluB  part  has  ever  since  been  looked  upon  as  a 
staDdard  work  on  the  subject  of  which  it  treats,  containing  the  record 
of  alaige  number  of  original  observations  on  the  minute  structure  and 
growth  of  bone  and  on  many  other  topics.  The  anatomy  of  the  brain 
and  hearty  of  the  organs  of  respiration  and  voice,  of  digestion  and 
reproduction,  were  also  from  his  pen.  With  the  three  subsequent 
editions  of  this  work  Dr  Sharpey  remained  connected  as  one  of  the 
editors  till  the  time  of  his  death* 

Up  to  the  age  of  sixty-nine  or  seventy  years  Dr  Sharpey  retained 
most  of  the  vigour  of  his  earlier  Ufa  But  about  the  year  1871 
some  signs  of  advancing  age  showed  themselves,  and  more  especially 
the  rapid  increase  of  cataract,  affecting  both  eyes,  began  to  interfere 
irith  the  easy  and  efficient  performance  of  his  official  duties,  and 
led  to  his  retirement  &om  the  secretaryship  of  the  Royal  Society  in 
1872,  and  from  his  professorship  in  University  College  in  1874. 
HIb  blindness  was  only  partially  remedied  by  the  extraction  of  the 
cataractic  lens  of  one  eye  in  May  1873,  and  of  the  other  in  October 
1876.  About  the  same  time  Dr  Sharpey  became  subject  to  attacks 
of  bronchitiB  from  any  unusual  exposure  to  cold.  One  of  these  had 
nearly  proved  fatal  in  the  winter  of  1878,  and  he  at  last  succimibed 
to  an  attack  of  the  same  malady  on  the  11th  of  April  of  the  present 
year  (1880),  ten  days  after  he  had  completed  his  seventy-eighth 
year.  He  was  buried  in  the  Abbey  Graveyard  of  Arbroath,  his 
native  town,  on  the  17th  of  April 

In  1869  the  friends  and  former  pupils  of  Dr  Sharpey,  being 
deeiiottB  of  showing  their  regard  for  him  and  estabUshing  a  perma- 
nent memorial  of  his  services  to  University  College  and  to  science, 
^iaed  by  subscription  a  sum  of  money  for  endowing  a  "  Sharpey 
Memorial  Scholarship  "  in  connection  with  University  College,  and 
^or  presenting  to  the  college  his  portrait  in  oil  and  a  marble  bust. 

In  1872  Dr  Sharpey  made  over  his  large  and  well-chosen 
biological  library  to  University  College,  and  at  his  death  he 
^ueathed  from  the  small  property  which  ho  left  a  sum  of  £800  to 
Urease  the  endowment  of  the  Scholarship  in  Physiology. 

Upon  his  retirement  from  his  professorship  in  1874,  Mr 
GladBtone's  government  accorded  Dr  Sharpey  an  annual  pension  of 
^150  on  account  of  his  eminent  services  as  a  public  teacher  and 
nian  of  acience. 
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Looking  back  upon  the  career  of  our  much  esteemed  fellow,  we 
have  first  to  remark  the  characteristic  caution  with  which  he 
abstained  from  entering  upon  any  active  or  responsible  sphere  of 
exertion  till  he  had  attained  his  twenty-eighth  year,  and  the  care  with 
which  he  prepared  himself  by  long  continued  literary  and  scientific 
study  in  this  and  other  countries  for  the  duties  of  his  after  Ufa 

In  hiB  work  as  a  scientific  investigator  and  systematic  writer, 
there  is  everywhere  apparent  a  scrupulous  accuracy  and  full  know- 
ledge of  his  subject,  a  clearness  of  statement  and  appropriateness  of 
language,  a  critical  acumen  and  soundness  of  judgment  which  have 
given  high  and  lasting  value  to  his  productions. 

In  the  administration  of  the  affairs  of  the  various  public  bodies 
vrith  which  he  was  connected,  Dr  Sharpe/s  wide  range  of  knowledge, 
his  unbiassed  judgment  and  strict  impartiality,  while  they  gave 
weight  to  his  opinions  and  suggestions,  contributed  in  a  remarkaUe 
degree  to  the  efficiency  and  usefulness  of  his  services. 

It  was  however  especially  as  a  teacher  that  the  influence  of  Dr 
Sharpey's  superior  mental  qualities  was  most  conspicuous.  Devoting 
himself  with  the  utmost  diligence  and  care  to  the  perfecting  of  his 
public  instructions,  he  was  xmiformly  listened  to  with  the  closest 
attention,  and  regarded  as  the  highest  authority  in  his  department ; 
and  the  effect  of  his  teaching  was  further  enhanced  by  the  feeling 
of  friendly  attachment,  amounting  almost  to  filial  affection  and 
reverence,  which  was  inspired  in  the  minds  of  his  pupils  by  his 
uniform  kindness,  justice,  and  candour. 

In  private  life,  while  Dr  Sharpey  was  universally  admired  for 
the  extent  and  accuracy  of  his  acquirements  and  respected  for  the 
soundness  of  his  judgment,  he  was  not  less  esteemed  and  beloved 
for  the  gentleness  of  his  disposition,  the  kindness  of  his  hearty  and 
the  geniality  of  his  nature.  His  powers  of  memory,  naturally  good, 
were  carefully  cultivated  by  the  systematic  turn  of  his  mind,  and 
strengthened  by  exercise.  His  friends  remember  with  delight  the 
readiness  with  which  in  the  course  of  conversation  he  could  call  up 
a  desiderated  quotation,  or  supply  a  fact  on  some  doubtful  point  in 
history,  philosophy,  or  science,  or  tell  humourously  some  anecdote 
which  was  equally  apposite  and  amusing.  He  had  not  a  single 
enemy,  and  he  numbered  among  his  friends  all  those  who  ever  had 
the  advantage  of  being  in  his  society. 
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The  following  Communications  were  read : — 

1.  On  a  Simple  and  Accurate  Method  of  determining  the 
Longitude  of  a  Place  by  a  Single  Observer,  without  the 
aid  of  any  instrument  for  measuring  time.  By  Professor 
G.  Forbes. 


2.  Stflbite,  from  Kerguelen's  Island.  By  A.  Liversidge, 
Assoc.  Eoyal  School  of  Mines,  Professor  of  Geology  and 
Mineralogy,  University  of  Sydney.  Communicated  by 
Mr  J.  Y.  Buchanan. 

I  am  indebted  to  the  kindness  of  my  friend  Mr  J.  Y.  BuchanaD, 
M.A., the  chemist  and  physicist  to  the  ''Challenger''  expedition 
for  the  specimen  which  fonns  the  subject  of  this  note. 

In  speaking  of  the  geology  of  Kerguelen  Island,  Mr  Buchanan 
thus  describes  the  occuirence  of  this  zeoHte  {tnde  Proc.  Roy.  Soc. , 
voL  xxiv.  p.  617). 

"The  horizontal  beds  which  form  the  mass  of  the  land  are  basaltic, 
And  yaiy  from  10  to  20  feet  in  thickness,  being  generally  compact ; 
hut)  in  ascending  the  hill,  beds  are  met  with  frequently,  which 
oontam  laige  amygdaloidal  cavities  filled  with  zeoUtes,  principally 
uialdte  and  heulandite  (stilbite).  These  minerals  are  very  plentiful 
in  this  part  of  the  island,  and  when  rounded  by  the  action  of  the 
water  they  form  remarkable  white  pebbles  on  the  otherwise  dark- 
coloured  volcanic  sand.  Up  to  the  summit  the  alternation  of  beds 
of  compact  sub-columnar  rock  of  amygdaloid  is  pretty  regular. 

^'The  amygdaloid  is  of  two  kinds  :  in  the  one  the  cells  are  small, 
Toy  thickly  disseminated,  and  completely  filled  up  by  a  zeolitic 
loineial;  the  other  has  larger  cavities,  less  thickly  spread,  and 
generally  only  coated  with  crystals,  while  seams  filled  with  crystal- 
line matter  are  also  frequently  met  witL  The  cavities  contain 
generally  analcite ;  the  seams,  heulandite  "  (stilbite). 

In  quoting  the  above  extract,  I  have  ventured  to  insert  the  name 
i^te  after  heulandite,  since  both  names  have  been  applied  to  the 
ttme  mineral  Personally,  I  should  call  the  specimen  stilbite,  inas- 
mneh  as  it  agrees  with  the  mineral  known  as  stilbite  by  English 
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mineralogists  both  in  form  and  chemical  composition,  and  not  with 
heulandite.  It  is  rather  unfortunate  that  heulandite  is  known  as 
stilbite  by  some  mineralogists;  stilbite  is  also  known  as  desmine 
(Breithaupt)  by  others. 

The  lower  part  of  the  small  specimen  is  in  the  form  of  an 
incrustation  of  about  |^  to  -^^  of  an  inch  in  thickness,  from  which 
flat  plate-like  crystals  project  at  various  angles.  The  lower  layer  is 
compact)  and  presents  a  mammillated  surface  where  exposed  to  view, 
and  its  fractured  edges  present  a  series  of  small  radiate  fan-shaped 
cleavage  planes,  with  a  well-marked  pearly  Instre. 

The  larger  of  the  projecting  platy  crystals  are  about  \  inch  long 
by  from  ^  to  -j^  broad,  and  not  more  than  about  -^  inch  thick. 
They  are  built  of  plates  of  more  or  less  imperfectly  developed 
flattened  prismatic  crystals.  This  structure  tends  to  impart  a  sheaf- 
like appearance  so  common  in  stilbite.  The  crystals  are  semi- 
transparent  and  practically  colourless.  Parallel  to  the  principal 
cleavage  planes  the  lustre  is  strongly  marked  and  pearly ;  vitreous 
on  the  other  faces.  They  are  brittle  and  cleave  readily  parallel  to 
the  brachydiagonal ;  less  readily  parallel  to  the  macrodiagonaL 

The  faces  developed  in  the  specimen  are  the  brachy-  and  macro- 
pinacoids  capped  with  the  planes  of  the  pyramid.  The  planes  of 
the  pyramid  and  of  the  macropinacoid  are  small;  the  brachy- 
pinacoids  are  large ;  the  basal  pinacoids,  so  commonly  present,  are 
undeveloped.     Hardness  about  4. 

The  specific  gravity  of  the  mineral  in  fragments  was  found  to  bo 
2*24  to  2*25,  but  when  reduced  to  powder  it  rose  to  2*29,  thus 
showing  the  presence  of  sensible  cavities. 

Before  the  blow-pipe  it  exfoliates,  intumesces,  curves  outward  into 
vermicular  forms,  and  fuses  to  a  white  enamel,  and  is  decomposed 
by  boiling  hydrochloric  acid  without  gelatinising.  The  lower  in- 
crusting  portion  of  the  specimen  colours  the  flame  much  more 
strongly  yellow,  does  not  intumesce  to  the  same  degree,  and  is 
decomposed  by  hydrochloric  acid,  with  the  separation  of  gelatinous 
silica.  It  is  therefore  apparently  not  the  same  zeolite  as  the 
crystals,  but  is  most  probably  sphaero-stilbite.  I  much  regret  that 
I  had  not  suflicient  to  permit  a  quantitative  analysis  being  made  of 
it  also. 
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Analyse. 

I. 

II. 

Mean. 

Wafcer,     . 

17-42 

17-42 

Silica, 

56-46 

56-58 

56-52 

Alumina, . 

16-28 

16-40 

16-34 

Lime, 

8-12 

8-01 

8-06 

Magnesia, 

-12 

-16 

•14 

Soda, 

1-76 

176 

100-24 

^liich  corresponds  to  the  usual  formula  of  stilbite.  viz. 
AI2O3,  3Si02  +  f^2)  }3Si02  +  6H20. 


3.  On  a  Simple  Form  of  Selenium  Cell,  and  Experiments 
therewith.     By  Prof.  James  Blyth. 

The  cell  is  constructed  as  follows  : — 

Take  a  brass  crop-comb  of  the  kind  usually  worn  by  little  girls. 
Cut  off  from  it  two  equal  parts,  each  about  4  inches  long.  From 
^h  part  cut  out  each  alternate  tooth,  and  bend  round  each  part 
ui  the  form  of  a  cylinder,  soldering  the  ends  together  with  hard 
solder.  Take  a  glass  tube  about  4  inches  long  and  having  a 
diameter  equal  to  the  diameter  of  the  cylinder.  Place  the  brass 
cyhnders  upon  the  glass  tube,  with  the  teeth  facing  each  other, 
AQd  adjust  them  so  that  each  tooth  left  takes  the  place  of  one 
which  has  been  cut  out,  taking  care  that  the  teeth  do  not  touch 
^h  other  nor  the  solid  parts  of  the  cylinder. 

Now  heat  the  cylinder  in  a  Bunsen  flame  to  a  temperature  sufficient 
to  melt  selenium — about  220**  C — and  rub  a  stick  of  selenium  over 
^he  spaces  between  the  teeth,  so  that  each  space  gets  filled  with 
selenium,  which  will  now  be  in  an  amorphous  condition.  To 
<u>neal  it,  place  the  whole  in  an  aii-bath  at  a  temperature  of  about 
^50*  C  for  an  hour  or  so,  when  the  selenium  will  assume  a  metallic 
and  crystalline  appearance.  Allow  it  to  cool  gradually,  and  then 
solder  on  two  copper  wires  to  the  solid  part  of  each  brass  cylinder 
to  senre  as  electrodes.     The  cell  is  now  ready  for  use. 

lu  order  to  show  the  action  of  light  on  the  cell,  I  placed  it  over 
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a  glass  tube  containing  a  singing  flame,  and  connected  it  in  circuit 
with  a  battery  of  six  Grove's  cells  and  an  ordinary  telephone,  or 
still  better  a  Gower  Bell  telephone.  The  note  produced  by  the 
singing  flame  was  faintly  but  distinctly  heard  in  the  telephone 
placed  in  a  distant  room.  It  will  be  readily  seen,  that,  in  this 
experiment,  we  take  advantage  both  of  the  heat  and  light  eflect 
upon  the  selenium,  and  that  the  action  is  increased  by  the  close 
proximity  of  the  cell  to  the  flame. 

If  the  indiarubber  tube  carrying  the  gas  to  the  singing  flame  be 
rapidly  pinched  and  let  free,  the  increase  and  decrease  of  the  flame 
is  instantly  indicated  by  the  telephone ;  and  if  the  pinches  are  made 
rhythmically,  a  corresponding  rhythm  is  heard  in  the  telephone 

The  above  experiment  can  also  be  performed  very  well  by 
attaching  the  singing  flame  jet  by  an  indiarubber  tube  to  one  of 
Koenig's  manometric  capsules  screwed  on  to  an  organ  pipe.  The 
note  of  the  pipe  is  then  heard  in  the  receiving  telephone. 

Having  obtained  a  cell  which  was  sensitive  to  a  singing  flame,  it 
was  an  easy  step  to  try  if  it  would  be  equally  sensitive  to  the  varia- 
tions of  the  flame  of  a  Koenig's  capsule  produced  by  singing  and 
speaking.  To  test  this,  I  placed  the  cylindrical  cell  over  the  flame, 
80  that  the  flame  was  in  the  axis  of  the  cylinder  and  exactly  opposite 
the  selenium.  When  the  cell  was  now  joined  up  in  circuit  with 
fifteen  Grove's  cells  and  a  telephone,  not  only  singing,  but  speaking 
was  distinctly  reproduced  in  the  telephone. 

This  experiment  is  very  remarkable,  as  it  shows  that  the  resist- 
ance of  the  selenium  must  vary  with  very  great  rapidity ;  otherwise 
it  could  not  transmit  articulation. 

Flat  cells  of  the  comb  form  are  very  easily  constructed  by  simply 
screwing  the  combs  upon  a  flat  piece  of  wood,  taking  care  that  the 
teeth  do  not  touch  each  other.  The  whole  is  then  heated  up  to  the 
melting  point  of  selenium,  which  is  then  rubbed  carefully  between 
the  teeth.  The  annealing  is  a  matter  of  great  importance.  It  can 
be  done  very  well  in  an  air-bath,  whose  temperature  can  be  regu- 
lated by  a  thermometer.  During  the  time  the  cell  should  be  joined 
up  in  circuit  with  a  Wheatstone's  bridge,  and  its  resistance  carefully 
tested  all  through  the  annealing  process.  It  will  be  found  that 
the  resistance  of  the  cell  gradually  diminishes  with  a  rise  of  tempera- 
ture, and  finally  attains  a  minimum,  after  which  it  begins  to  rise 
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^n.  At  that  particular  point  farther  heating  should  be  avoided, 
aod  the  cell  allowed  to  cool  slowly.  During  the  cooling  the  resist- 
ance rises,  and  does  not  appear  to  reach  its  final  value  till  the  cell 
bis  been  some  time  in  use. 

It  is  obvious  that  what  is  wanted,  to  make  a  selenium  cell  as 
MDsitiye  as  possible,  is  to  have  a  long  thin  layer  of  it  between  two 
parallel  conductors  forming  the  electrodes,  and  so  to  arrange  it,  that 
as  great  a  length  of  that  layer  as  possible  can  be  brought  at  once 
under  the  influence  of  the  source  of  light.  These  conditions  are 
well  fulfilled  in  what  may  be  called  the  radial  cell,  which  consists 
of  a  series  of  brass  sectors  with  very  acute  anglos  fixed  upon  the 
end  of  a  wooden  cylinder,  and  having  narrow  radial  slits  between 
them.  This  form  is  easDy  made  by  first  fixing  a  disc  of  brass 
about  3  inches  in  diameter  upon  the  wood,  and  then  cutting  it  right 
tbroQgh  by  a  saw  along  a  series  of  diainoters  equally  inclined 
to  each  other.  The  odd  number  sectors  are  connected  by  one  wire 
which  forms  the  one  electrode,  and  the  even  numbers  by  another 
wire  which  serves  for  the  other  electrode. 

My  first  supply  of  selenium  running  done,  I  ordered  a  second, 
and  proceeded  to  make  another  cell  exactly  in  the  same  way  as  I 
bad  made  the  previous  one.  This  cell,  however,  when  finished, 
presented  some  very  troublesome  and  perplexing  peculiarities, 
inasmuch  as  its  resistance  during  annealing  fell  very  low — to 
lomething  like  120  ohms — and  yet  it  was  almost  entirely  in- 
sensitive to  the  action  of  light  This  effect  is,  without  doubt, 
due  to  some  impurity  in  the  selenium,  which  I  hope  to  detect  by 
a  chemical  analysis  which  is  being  made  for  me. 

The  failure  to  get  good  selenium  led  me  to  think  if  anything  else 
would  serve  as  a  substitute,  and  the  first  thing  I  determined  to  try 
WIS  amorphous  phosphorus.  I  took  a  radial  cell  and  packed  the 
^ts  full  of  the  phosphorus,  and  then  proceeded  to  test  its  resist- 
ance in  the  ordinary  way,  but  was  surprised  to  find  that  I  could 
Qot  get  a  balance.  This  led  me  to  see  that  the  cell  itself  was 
acting  as  a  battery,  and  on  trying  it  directly  through  the  galvano- 
^^^^t  the  needle  was  deflected  off  the  scale.  I  also  observed  that  the 
^^inent  varied  with  pressure  on  the  phosphorus  ;  and  this  suggested 
to  me  that  it  might  be  made  to  serve  the  double  purpose  of  battery 
^  looee  contact  in  the  ordinary  form  of  microphone  transmitter. 
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For  this  purpose,  I  made  a  special  transmitter,  which  consists 
of  a  shallow  wooden  box,  having  a  disc  of  brass  in  its  bottom, 
to  which  one  electrode  is  attached.  Above  this  is  placed  a 
thin  layer  of  the  red  phosphorus,  and  the  whole  enclosed  by  very 
flexible  brass  plate,  bound  down  round  the  edges,  and  having  the 
other  electrode  attached  to  it.  A  mouthpiece  is  arranged  so  as  to 
direct  the  voice  against  the  centre  of  the  thin  brass  plate.  When 
this  transmitter  is  joined  up  in  circuit  with  a  telephone,  singing 
and  articulation  are  distinctly  reproduced.  When  a  battery  is  in- 
cluded, the  sounds  come  out  of  the  telephone  with  singular  clear- 
ness and  loudness ;  and  there  is  also  a  very  remarkable  want  of  any 
rattling,  such  as  is  usual  with  an  ordinary  microphone.  I  have 
also  found  that  the  cell,  which  is  really  a  form  of  loose  contact,  can 
act  as  a  receiver  as  well  as  a  transmitter ;  but  my  experiments  on  it 
in  this  capacity  are  as  yet  incomplete. 


4.  Dust,  Fogs,  and  Clouds.     By  Mr  John  Aitken. 

{Abstract,) 

Since  I  made  my  first  communication  to  this  Society  on  Dust, 
Fogs,  and  Clouds,  most  of  the  experiments  have  ])een  repeated 
under  different  conditions. 

Taking  advantage  of  the  late  extremely  cold  weather,  the 
apparatus  was  placed  in  the  open  air,  and  experiments  made 
with  it,  the  temperature  of  the  air  at  the  time  being  8°  Fahr.  The 
result  was  the  same  as  at  higher  temperatures.  Cloudy  condensation 
with  dusty  air ;  no  condensation  with  filtered  air. 

The  experiment  in  which  dustless  gas  was  burned  in  dustless 
air  ^vas  repeated.  The  gloss  jet  which  was  used  for  burning  the 
gas  in  the  first  experiment,  being  now  replaced  by  a  platinum  one, 
as  it  was  thought  possible  the  dust  produced  when  the  glass  jet 
was  used  might  be  the  result  of  the  decomposition  of  the  glass  by 
the  heat  Before  making  the  experiment,  the  platinum  jet  was 
highly  heated,  to  cleanse  and  make  it  inactive.  The  result,  how- 
ever, was  as  before.  Dense  fogging  whenever  the  gas  was  lit,  and 
the  fogging  continued  so  long  as  the  gas  was  kept  burning. 

The  experiment  for  detecting  small  quantities  of  dust  has  also 
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been  altered  and  improved.  Instead  of  detecting  the  dust  by  the 
cloudy  condensation  of  steam,  the  saturated  air  of  the  receiver  was 
cooled  by  slightly  expanding  it  Working  in  this  way,  it  was 
found  that  the  dust  driven  ofif  by  heat  from  a  piece  of  iron  wire, 
the  j^  of  a  grain  gave  such  an  evident  and  abundant  result, 
thai  if  the  Yxnunnj  ^^  ^  grain  of  iron  could  be  manipulated  the 
effect  would  be  perfectly  definite  and  decided.  This  indicates  an 
extremely  small  size  of  some  of  the  condensation  nuclei  Thousands 
of  particles  driven  off  the  ^^nnj-  of  a  grain  of  iron,  and  the  iron 
afterwards  not  perceptibly  lighter,  indicates  almost  molecular 
dimensions.  It  was  pointed  out  that  some  of  these  nuclei  may 
be  driven  off  as  gases,  which  afterwards  condense  and  form  nuclei 
for  the  vapour  to  condense  upon. 

In  the  first  paper  attention  was  called  to  the  composition  of  the 
atmospheric  dust.  It  was  pointed  out  that  some  kinds  of  dust 
would  have  a  greater  attraction  for  water  vapour  than  other  kinds, 
and  that  chloride  of  sodium  dust  would  probably  condense  water 
vapour  before  the  vapour  was  cooled  to  the  saturated  point 

It  was  shown  that  there  are  two  distinct  ways  in  which  dust 
acts  as  a  centre  of  condensation,  and  causes  vapour  to  condense 
before  it  is  saturated.  The  first  is  the  chemical  affinity  between 
the  dust  and  the  water  vapour.  The  second  is  the  condensing 
power  possessed  by  the  surfaces  of  some  bodies.  This  power  is 
different  in  different  kinds  of  matter. 

^Some  experiments  have  lately  been  made  to  see  to  what  extent 
this  attraction  of  the  nuclei  for  water  vapour  would  cause  conden- 
sation to  take  place  in  air  which  was  not  saturated.  A  little 
sulphur  was  lighted,  and  an  open-mouthed  glass  receiver  held  over 
it  for  a  few  seconds,  and  then  placed  on  the  table.  At  first  scarcely 
^^J  effect  was  noticed,  but  after  a  time  a  haze  or  fog  appeared. 
The  density  of  this  fogging  depended  on  the  humidity  of  the  air 
experimented  on.     The  damper  the  air  the  thicker  the  fogging. 

If  the  inside  of  the  receiver  was  wetted  so  as  to  moisten  the  air, 
tho  sulphur  products  on  entering  are  a  little  more  evident,  and  on 
placing  the  receiver  on  the  table  a  thin  haze  can  be  seen.  After  a 
time,  however,  this  haze  gradually  grows  denser,  and  at  the  end  of 
^teen  or  twenty  minutes  the  receiver  becomes  full  of  a  very  dense 
^hite  fog,  which  remains  for  a  long  time.      A  similar  result  is  got 
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with  chloride  of  sodium  vapour,  by  highly  heating  the  salt  in  a 
platinum  tube,  and  afterwards  cooling  and  drawing  the  vapour 
along  with  air  into  the  experimental  receiver. 

Many  other  salts — such  as  chloride  of  calcium,  bromide  of  potas- 
sium, &c. — when  highly  heated,  have  also  the  power  of  determining 
cloudy  condensation  in  unsaturated  air.  Potassium  and  sodium, 
when  burned,  give  also  similar  results,  and  the  fogging  is,  in  all 
cases,  proportional  to  the  moisture  in  the  air. 

Experiments  have  also  been  made  on  a  larger  scale  in  a  cellar,  the 
air  in  which  was  damp  but  not  saturated.  The  temperature  was 
about  45*"  Fahr.,  and  the  wet  and  dry  bulb  thermometers  showed  a 
difference  of  from  ^°  to  F  during  the  experiments.  A  short  time 
after  a  little  sulphur  had  been  burned  the  whole  cellar  was  filled 
with  a  dense  white  dry  fog,  which  remained  for  some  hours.  A 
similar  result  was  also  got  by  sprinkling  some  salt  over  an  alcohol 
flame.  The  salt  dust  so  produced  determined  a  decidedly  foggy 
condensation  in  the  unsaturated  atmosphere. 

Experiments  were  also  made  by  burning  sulphur  in  the  open  air. 
When  the  air  is  dry,  the  fumes  can  only  be  traced  a  short  distance  ; 
but  when  there  is  more  moisture  the  condensation  is  more  evident^ 
and  in  certain  conditions  of  the  atmosphere  the  products  of  com- 
bustion can  be  seen  floating  away  in  the  passing  air,  leaving  the 
sulphur  in  a  pale  thin  stream  of  vapour,  which  gradually  increases 
in  size  and  rolls  away  in  a  horizontal  cloudy  column  ten  or  fifteen 
feet  in  diameter,  clearly  marked  out  from  the  surrounding  air. 

This  fog-producing  power  was  shown  to  be  probably  due  to  the 
affinity  which  the  sulphuric  acid,  resulting  from  the  combustion  of 
the  sulphur,  has  for  water  vapour. 

It  was  shown  that  cloudy  condensation  may  take  place  without 
dust  particles  being  present.  It  will  probably  take  place  in  a 
highly  supersaturated  atmosphere.  It  will  also  happen  when  some 
substance  is  vaporised  in  dustless  air  and  cooled  to  a  temperature 
far  below  that  corresponding  to  its  tension.  When  the  substance 
condenses  and  forms  nuclei  of  condensation  for  the  water  vapour, 
cloudy  condensation  will  also  take  place  in  dustless  air.  When 
there  are  gases  present  which  combine  and  form  new  compounds, 
and  the  temperature  is  much  too  low  for  them  to  remain  as  vapours, 
the  molecular  strain  seems  under  these  conditions  to  be  sufficient  to 


of  Edinburgh,  Session  1880-81.  125 

(aose  them  to  condense  and  form  nuclei  on  which  the  water  vapour 
depoeita.  These  naclei  may  be  solid  or  liquid,  and  may  or  may 
not  have  aflRnity  for  water  vapour. 

It  is  concluded  from  the  experiments,  first,  that  as  regards  cloudy 
and  foggy  condensation  there  is  dust  and  dust  Some  kinds  of  dust 
biTe  the  power  of  determining  condensation  in  an  atmosphere  which 
is  not  saturated ;  other  kinds  only  form  nuclei  in  supersaturated  air, 
and  from  other  experiments  it  is  probable  that  some  degree  of  super- 
aatuiation  is  necessary  before  some  other  kinds  of  dust  are  active. 
In  highly  supersaturated  air  all  kinds  of  dust  will  form  nuclei  and 
detennine  cloudy  condensation,  but  in  unsaturated  air  only  some 
lands  are  active.  This  was  illustrated  by  corresponding  phenomena 
in  freezing,  melting,  and  boiling.  Second,  that  dry  fogs  may  'be 
produced  by  some  form  of  dust  in  the  air,  such  as  sodic  chloride 
dost,  condensing  the  aqueous  vapour  in  air  which  is  not  saturated. 
Tliird,  this  condensing  power  or  attraction  which  some  kinds  of 
dust  have  for  aqueous  vapour  explains  why  our  breath  and 
condensed  steam  dissolve  even  in  foggy  weather.  Fourth,  that  as 
the  products  of  combustion  of  sulphur  determine  the  condensation 
of  water  vapour  in  unsaturated  air,  and  give  use  to  a  very  fine 
textured  dry  fog,  they  are  probably  one  of  the  chief  c  .uses  of  our 
town  fogs,  as  they  have  a  much  greater  condensing  power  than  the 
pcoducts  of  combustion  of  coal. 

It  is  not  claimed  that  these  experiments  prove  that  dry  fogs  in 
the  country  are  produced  by  salt  dust  The  experiments  only 
prove  salt  dust  can  produce  a  dry  fog.  As  water  vapour  only 
condenses  in  some  nucleus,  it  is  in  the  highest  degree  probable  that 
tome  nuclei,  having  strong  affinities  for  water  vapour,  are  the  cause 
of  dry  fogs,  and  from  the  great  amount  of  salt  dust  ever  present 
^  oor  atmosphere,  it  seems  almost  certain  that  it  plays  some  part 
in  the  phenomena.  There  may  be,  and  probably  are,  some  other 
^nds  of  condensative  nuclei  which  give  rise  to  dry  fogs  in  the 
country.  The  nature  and  composition  of  these  will  probably  be 
^t  arrived  at  by  analysis  of  the  dried  fog  particles. 

^We  seems  to  be  very  little  doubt  but  that  sulphur  products 
^  niost  powerful  fog-producers,  and  are  probably  the  chief  cause 
^  our  town  f oga.  Yet,  it  must  not  be  forgotten  that  there  may  be 
other  causes  at  work,  of  which  we  are  at  present  ignorant 
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The  paper  concludes  with  some  speculations  as  to  the  growtli  of 
ice  crystals  and  the  evaporation  and  condensation  of  aqueous 
vapour  at  water  surfaces  of  various  curvatures. 

Since  making  the  experiments  above  described,  the  fog-producing 
powers  of  the  products  of  highly  heated  chloride  of  magnesium 
have  been  tested,  and  are  found  to  possess  a  much  greater  fog- 
producing  power  than  any  other  substance  experimented  with.  A 
few  grains  of  this  salt  heated  in  an  alcohol  flame,  in  the  unsatu- 
rated air  of  the  cellar  already  referred  to,  gave  rise  to  a  fog  many 
times  denser  tlian  that  produced  by  the  sulphur  or  chloride  of 
sodium,  and  remained  hanging  in  the  air  of  the  cellar  for  more  than 
six  hours.  When  the  experiment  is  made  in  the  saturated  air  of 
the  glass  receiver,  the  fog  rapidly  grows  so  thick  that  in  a  few 
minutes  it  is  impossible  to  see  through  more  than  2  or  3  inches 
of  it.  llie  results  are  similar  whether  the  salt  is  heated  in  a  flame 
or  in  the  platinum  tube.  This  intense  fog-producing  power  of 
highly  heated  chloride  of  magnesium  would  seem  to  be  produced 
by  highly  concentrated  hydrochloric  acid,  produced  by  the  decom- 
position of  the  water  and  chloride  of  magnesium. 

[Added  March  Sth  1881.] 

It  is  found  that  the  fog-producing  power  of  the  products  of  com- 
bustion of  sulphur  are  greatly  increased  when  these  are  mixed  with 
other  gases  and  vapours.  For  instance,  a  little  ammonia — another 
of  the  products  of  combustion  of  our  fires — when  added  to  the 
sulphurous  fumes,  makes  the  fog  many  times  more  dense  than  that 
produced  by  the  sulphur  fumes  alone. 

5.  Note  on  Thermal  Conductivity,  and  on  the  Effects  of  Tem- 
perature-Changes of  Specific  Heat  and  Conductivity  on 
the  Propagation  of  Plane  Heat  Waves.   By  Professor  Tait. 

In  the  great  majority,  at  least,  of  investigations  (experimental 
or  mathematical)  connected  with  conduction  of  heat,  it  has  been 
assumed  that  the  known  changes  of  specific  heat  of  metals  do  not 
require  to  bo  taken  into  account.  Thus  Angstrom  says,  even  in  his 
paper  on  the  Change  of  Conductivity  with  temperature  {Pogg.  118, 
1863): — *'Da  indess  diese  Yeranderungen,  soweit  man  sie  kennt^ 
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wenigst^ns  innerhalb  der  bei  den  Beobochtongen  vorkominenden 

Tempeiatuigiaiizeii,  nicht  bedeutend  sind, so  miiBsen 

dieselben  den  Werth  des  Wannecoefficienten  nur  nnbedeuiend 
affidien  konnen."  In  my  paper  on  Thermal  and  Electric  (Jonduc- 
iiviiy  (Trans.  B.S.R,  1878),  I  said  that  "  the  change  of  specific  heat 
^  temperature  would  increase  the  values  of  k  at  higher  tempera- 
tons,  and  thus  reduce  the  change  in  conductivity  in  iron,  and 
uuTease  the  small  changes  indicated  for  the  other  substances."  But 
I  had  not  at  hand  the  means  of  applying  these  corrections.  Eecent 
Hussions  as  to  the  comparative  merits  of  different  experimental 
metkods  have  led  me  to  investigate  the  amount  of  this  effect,  by  the 
ud  of  the  best  data  I  could  procure.  A  comparison  of  these  seems 
to  leaye  no  doubt  that  the  specific  heat  of  iron  increases  by  some- 
vlieie  about  7^  of  its  amount  for  each  degree  of  rise  of  tempera- 
toie;  at  least  from  0**  to  300**  C,  between  which  limits  the  investi- 
^m  of  conductivity  have  hitherto  been  carried  on. 

Besides  this  result,  which  I  have  gathered  from  various  scientific 
jounals,  I  may  adduce  from  my  Laboratory  Book  for  1868  the 
following  determinations :  which  were  made  with  great  care  by  the 
late  Mr  J.  P.  Nichol,  by  means  of  the  method  of  mixtures.  The 
i^&toie  of  the  process  employed  is  such  that  the  results  must  all  err 
in  defect,  and  the  more  so  the  higher  the  temperature.  The  iron 
^S8  lieated  sometimes  in  oil,  sometimes  in  paraf&n. 

Specific  Heat  of  Iron. 
15*  to  100^  C,         .         .         0-1164  \  Mean. 


01127  I 
0-1158  I 
0-1168; 


0-1152 


15*  to  150*^0.,        .        .        0-1193] 

0-1189  >  0-1189 


0-1186 


) 


15*  to  200**  C,        .         .        0-1208 

0-1214  >  0-1213 

0-1218 

15*  to  260**  C,        .         .        0-1234 


01240 
15*  to  300**  C,        .         .        01274 

0-1376 


0-1237 


0-1275 
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From  the  first  two  of  these  metns  we  find  that  the  specific  heat 
at  lb""  is  0*109  nearly,  and  that  it  increases  by  rvv^  ^^  ^^ 
d0gree. 

Now,  Forbes*  experiments  on  iron  indicated  that  the  quantity 

k 

-,  the  ratio  of  the  conductivity  to  the  specific  heat,  diminishes  by 
c 

about  TTifth  part  for  each  degree  from  0**  C.  to  200^  C.     Hence 

it  is  clear  that,  in  this  case  at  least,  the  alteration  of  specific  heat 

cannot  be  neglected  in  estimating  that  of  conductivity.      For  it 

follows  from  the  numbers  just  given  that  the  diminution  per  1^  in 

the  conductivity  of  iron  is  really  only  about  ^nnr^  ^^  ^®  whole 

amount.     My  own  experiments  with  Forbes'  bars  gave  an  average 

h 

change  6f  -  Use  than  that  due  to  the  increase  of  c  alone,  thus  indi- 
cating an  increase  of  conductivity  with  rise  of  temperature.  Ang- 
strom's result,  on  the  other  hand,  is  considerably  greater  than  that 
of  Forbes.  But  the  range  of  temperatures  he  employed  was  not 
above  forty  degrees.     For  reasons  pointed  out  in  my  paper  above 

k 

referred  to,  I  consider  Forbes*  estimate  of  the  value  of  -,  from  0®  to 

c 

150^  C,  to  be  probably  very  near  the  truth.  In  other  metals  the 
change  of  specific  heat  is  usually  less  than  in  iron.     But  so  is  also 

k 
that  of  - .     It  would  thus  appear  that  we  cannot  yet  state  positively 

that  there  is  any  metal  whose  conductivity  becomes  less  as  its  tem- 
perature rises ;  and  thus  the  long-sought  analogy  between  thermal 
and  electric  conductivity  is  not  likely  to  be  realised. 

In  the  method  devised  and  carried  out  by  Forbes,  the  change  of 
specific  heat  must  be  attended  to  during  the  calculations.  Thus  we 
cannot,  without  going  over  again  the  whole  numerical  work  con- 
nected with  what  he  called  the  Statical  Curve  of  Cooling^  estimate 
accurately  what  will  be  the  effect  of  this  element  upon  the  values 
of  the  conductivity.  But  we  can  easily  show  that  its  influence 
upon  Angstrom's  results  is  to  be  calculated,  at  least  approximately, 
by  the  simple  process  above. 

To  avoid  the  error  introduced  by  supposing  rate  of  stnrface  loss  to 
be  proportional  to  v,  we  take  (instead  of  a  bar)  a  plane  slab  heated 
and  cooled  periodically  over  one  surface. 
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The  equation  for  the  conBequent  distribution  of  temperature  is 

dv  _  d  /j.  dv\ 
""di'diy^di)' 

Hweassnme  c  =  CQ(l+at;), 

where  a  and  /3  are  small  positive  constants ; 
and  put 


#c  = 


__o 


Co' 


where «  depends  upon  first  powers  of  a  and  j3  only,  higher  powers 
being  neglected ;  the  equation  splits  into  two  as  follows : — 

du^    dhi  .  . 

di^'^d^       ^^^• 

For  our  present  purpose  it  is  sufficient  to  take 

tt=  - Ba;+ Cc~"^  cos  {^nmH  - mx) , 

which  satisfies  (1),  and  shows  the  ultimate  effect  of  a  persistent 
simple  harmonic  application  of  heat  to  one  side  of  the  slab,  whose 
t^peratore  is  taken  as  our  temporary  zero ;  the  other  side  being 
kept  ai  the  temperature  -  B^^  where  a  is  the  thickness  of  the  slab. 
Here  i  must  be  supposed  so  large  that  Cc'"**  is  insensible;  else 
^  value  of  u  would  be  so  complicated  that  (2)  would  become  un- 
nuomgeable. 

Suhetituting  the  above  value  of  u  in  (2),  and  integrating,  we 
obtain  the  value  of  cd.     It  consists  of  three  parts. 

Ve  have,  first,  terms  containing  x  only  : — 

"I^  terms  show  how  the  mean  temperature  is  altered  throughout. 
^^,  we  have  the  single  term 


— -_cc2£-*^cos(4Km^^  -  2vix) . 


1^  is  a  small  wave  of  half  period,  which  we  need  not  farther  con- 
sider, 
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Finally  we  have,  as  lihe  modification  of  the  original  wave, 

These  tenns,  when  combined  with  the  harmonic  part  of  the  assumed 
value  of  Uy  may  be  put  in  the  form 

C€'*»i*  cos  {2KmH  -  m^) , 
where  n^  =  m(l  -  ^  .    ^B  -  ^^^^^Ba:) , 

We  thus  see  the  effects  of  the  introduction  of  the  quantities  a  and)3 
upon  the  amplitude  and  phase  of  the  wave ;  and  it  is  evident  that 
they  are  of  the  greater  consequence  the  greater  is  the  difference  of 
mean  temperature  at  the  sides  of  the  slab. 

Hence  the  only  legitimate  mode  of  applying  Angstrom's  method 
is  to  keep  the  mean  temperature  the  same  throughout  the  slab. 
This  can  easily  be  effected. 

It  is  obvious,  moreover,  from  the  values  of  971^  and  m^  above, 

k 
that  Angstrom's  method  gives  the  value  of  -  for  the  mean  of  the 

c 

mean  temperatures  indicated  by  the  two  thermometers.      Only, 

there  is  always  the  extraneous  factor 

which  is  usually  very  nearly  unity. 

I  have  worked  out  by  the  above  method  the  case  of  two  harmonic 
waves  (in  the  value  of  u),  one  of  half  the  period  of  the  other.  New 
terms  are  thus  introduced  into  m^  and  m^  They  are  such  as  to 
seriously  affect  the  values  of  these  quantities  when  x  is  small,  but 
they  rapidly  diminish  by  increase  of  x. 

If  the  new  term  in  w  be 

j)^-mx^2  cos  {iKmH  -  mxj2  +  E) , 
the  additional  terms  in  m^  are 

Those  in  97I2  are  formed  from  these  by  making  the  first  term  posi- 
tive, and  interchanging  the  sine  and  cosine  of 

X  =  7naj(V2  +  l)-E. 
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It  appears  from  this  investigation  that  Angstrom's  method,  when 
applied  with  proper  precautions,  ia  theoretically  capable  of  giving 
Teiy  good  resolta  But  it  is  probable  that,  in  practice,  the  thermo- 
meteis  will  have  to  be  supplanted  by  thermoelectric  junctions  and 
a  good  dead-beat  galvanometer.  The  best  thermometers,  when 
employed  for  rapidly  varying  temperatures,  work  by  sudden  starts. 

6.  Note  on  a  Simple  Method  of  showing  the  Diminution  of 
Surface  Tension  in  Water  by  Heat.    By  Prof.  Tait. 

A  hot  bar  of  iron  was  brought  near  the  surface  of  a  thin  sheet  of 
water  covered  with  Lycopodium  seed.  The  effect  was  precisely 
siinilar  to  that  produced  by  ether  vapour. 


7.  On  the  Cell-Walls  of  Hepatic  Cells.  By  John  Berry 
Haycraft,  M.B.,  B.Sa,  F.RSJL,  Senior  Demonstrator  of 
Physiology  in  the  University  of  Edinburgh. 

Since  Henle  and  Purkinje  £b»t  described  the  cells  which  form  the 
great  mass  of  the  liver,  microscopists  have  maintained  that  these  are 
wbat  are  termed  ''naked  protoplasts" — ^that  is,  they  possess,  like 
the  white  blood  corpuscle,  no  differentiated  cell-walls.  I  may 
mention  the  names  of  Dr  Lionel  Beale,  Ewald  Hering  (''  Strieker's 
Histology,"  section  on  the  liver),  and  Dr  Klein  (''Atlas  of  His- 
tology"), who  all  agree  in  denying  its  existence.  Indeed,  the  absence 
of  this  structure  is  emphatically  insisted  upon  in  most  works  on 
nucxoscopical  anatomy. 

If  a  liver-cell  be  examined  with  a  power  of  about  300  diameters, 
it  ia  seen  to  be  a  granular  mass,  of  a  somewhat  spherical  shape, 
containing  a  very  distinct  nucleus  and  nucleolua  The  granules  are 
oat  the  optical  expression  of  a  delicate  reticulum  or  stroma,  which 
^y  he  seen  as  such  on  using  a  higher  power. 

U  a  section  of  hardened  liver  be  examined,  the  cells  are  seen  to  be 
P^^Jgonal  from  mutual  compression,  and  both  in  the  hardened  and 
^  condition  they  are  bounded  by  a  distinct  and  well-defined 
contour. 

l^overtheless^  there  is  nothing  which  would  lead  an  observer  to 
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saj  that  they  are  enclosed  in  cell-membranes,  however  well  the  lens 
be  focused  and  the  light  adjusted.  No  doubt,  the  well-defined  bolder 
would  suggest  such  a  structure,  but  it  cannot  be  seen. 

Because  no  membrane  is  apparent,  it  does  not  follow  that  one  may 
not  exist  If  a  glass  tube  be  filled  with  water,  and  held  between 
the  light  and  the  eye  of  the  observer,  the  column  of  water  will 
appear  thicker  than  it  really  ia  This  depends  upon  the  fact  that 
the  re&active  index  of  the  glass  is  greater  than  that  of  the  water. 
Kow,  it  will  be  easily  seen  that  the  glass  tube  might  be  of  such  a 
thickness  that  the  column  of  water  will  appear  as  thick  as  the  outer 
border  of  the  tube  itself ;  in  fact^  the  tube  will  be  no  longer  seen. 
In  the  case  of  the  liver-cell,  a  like  explanation  may  account  for  the 
apparent  absence  of  a  structure,  the  presence  of  which  the  sharp 
contour,  remaining  so  even  after  distortion  of  the  cell,  would  seem 
to  suggest.  These  considerations  led  me  to  an  investigation  of  the 
subject,  and  I  have  been  able  to  demonstrate  the  existence  of  an 
investing  membrane  by  a  very  simple  procedure.  With  the  point 
of  a  scalpel  a  scraping  is  taken  from  the  unhardened  liver  of  an  ox ; 
this  is  mixed  on  a  glass  slide  with  a  small  drop  of  magenta  fluid, 
and  it  is  then  covered.  A  slip  of  blotting  paper  is  folded  and 
refolded  until  a  thick  square  pad  is  formed,  which  is  placed  over 
the  cover-glass.  With  the  handle  of  a  needle  or  a  pencil  pressure 
is  applied  through  the  pad  to  the  preparation,  or  it  may  be 
hammered,  for  there  is  little  fear  of  breaking  the  cover-glass,  the 
pressure  being  difiused  through  the  paper.  The  object  may  be  now 
examined  with  a  power  of  400  diameters.  If  the  pressure  has  been 
too  great  all  the  cells  will  have  been  destroyed,  and  the  whole  field 
will  be  covered  by  a  magenta-stained  d6bris,  in  which  disengaged 
nuclei  are  seen,  in  this  case  the  preparation  is  of  little  use,  and  a 
fresh  trial  must  be  made.  If  successful,  unbroken  cells  will  be  seen 
at  the  border  of  the  cover-glass,  a  granular  mass  in  the  centre,  and 
midway  between  the  centre  and  border  many  half -broken  ones,  in 
which  latter  the  most  satisfactory  evidence  of  the  existence  of  the 
cell-membrane  is  to  be  sought  If  one  of  these  be  examined,  a 
granular  mass  will  be  seen  projecting  from  the  rent,  or  in  close 
proximity  to  it  This  is  part  of  the  contents  of  the  cell  which  has 
been  squeezed  through  the  aperture.  Generally,  the  cell  still  con- 
tains its  nucleus,  surrounded  by  the  greater  mass  of  the  piotoplasiiL 
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If  the  border  of  the  tear  be  now  examined  (a  ^th  or  -^th  immer- 
sion lens  is  here  desirable),  a  beautiful  investing  membrane  may  be 
seen  projecting,  often  for  some  distance  from  the  rent  It  can  be 
traced  on  to  the  cell  itself,  and  is  evidently  the  projecting  lip  of  a 
membrane  which  invests  it,  and  which  has  been  torn  through  at 
this  part  Often,  again,  one  may  see  the  collapsed  membranous 
bags,  containing  merely  the  nucleus  and  a  very  small  portion  of  the 
granular  protoplasm  which  filled  it,  and  which  may  now  be  seen 
scattered  around. 

That  the  investing  membrane  or  cell-wall  is  very  thin,  it  is 
needless  to  say;  yet,  when  demonstrated  by  the  above  method, 
it  can  most  clearly  be  made  out,  and  in  almost  every  prepara- 
tion several  entire  but  empty  cell-walls  may  be  seen  about  the 
field,  showing  that,  although  very  fine,  they  are  tough  and 
resisting.  Scattered  among  the  liver^cells  other  tissue  elements 
are  to  be  seen.  There  are  blood  corpuscles,  both  white  and 
coloured,  and  connective  tissue  corpuscles,  the  protoplasm  of  which 
is  deeply  tinted  by  the  magenta.  Tom  capillaries  are  also  to  be 
seen,  and  they  may  at  first  sight  be  mistaken  for  the  cell-walls 
^hicb  have  been  described  above.  There  should  be,  however,  no 
difibulty  in  recognising  their  tubular  shape,  and  the  fact  that  they 
have  in  these  walls  tissue  which  is  tinted  with  the  magenta.  This  is 
the  protoplasm  of  the  so-called  nuclei  of  the  epithelial  plates  of 
which  they  are  composed. 

I  have  been  able  to  demonstrate  these  facts  in  the  human  liver 
^  in  that  of  the  rabbit,  as  well  as  in  the  ox.  The  existence  of 
the  investing  membrane  is  probably  universal 

The  addition  of  magenta  is  not  necessary,  although  it  is  a  great 
'^P)  for  the  same  points  can  be  shown  without  its  use.  Of  course 
&  fresh  preparation  of  the  liver  must  be  taken  for  examination,  for 
it  IS  conceivable  that  the  hardening  fluid  might  of  itself  produce  a 
condensed  outer  layer  which  would  simulate  a  membrane. 

BUSINESS. 

Ifr  Walter  Whitehead,  Mr  A.  H.  Anglin,  Mr  J.  A.  Harvie  Brown, 

^  W.  A.  Herdman,  Mr  Thomas  William  Eumble,  and  Mr  Eobert 

Iawboq,  were  balloted  for  and  declared  duly  elected  Fellows  of  the 
Society. 
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Monday^  21st  February  1881. 

Professor  FLEEMING  JENKIN,  Vice-President, 

in  the  Chair. 

^  following  Communications  were  read : — 

^-  Effects  of  Strain  on  Electric  Conductivity.    By  M.  August 
WitkowskL    Communicated  by  Sir  William  Thomson. 

•  Oil  the  Effect  of  Moistening  with  Water  the  opposed 
Metallic  Surfaces  in  a  Volta-Condenser,  and  of  substi- 
tuting a  Water- Arc  for  a  Metallic- Arc  in  the  Deter- 
mining Contact.    By  Sir  William  Thomson. 

*  ^U  Vortex  Sponge.    By  the  sama 

^11  some  Transformations  connecting  General  Determinants 
with  Continuants.    By  Mr  Thomas  Muir. 


5. 


^ote  on  the  preceding  Paper.    By  Professor  Chrystal. 

tOL  XI.  s 


136  Proceedings  of  the  Royal  Society 

Monday,  7th  March  1881. 

The  Right  Hon.  Lord  Moncreiff  of  Tulliebole,  LLD., 
President  of  the  Society,  occupied  the  Chair,  and  read  the 
second  part  of  the  following  Address,  the  first  part  having 
been  read  on  6th  December  1880 : — 

I. 

The  subject  of  the  address  with  which  I  am  to  open  the  present 
session  of  the  Eoyal  Society  has  been  announced  in  your  notices 
as  the  *'  Dawn  of  the  Constitutional  Principle."  Such,  indeed,  was 
the  general  tenor  or  complexion  of  the  thoughts  which  led  me  into 
l^e  field  of  inquiry  on  which  I  intend  to  dwell  to-night,  and  such 
the  topic  round  which  I  propose  to  weave  a  very  fragmentary  and 
imperfect  excursus  or  dissertation.  I  had  long  thought  that  the 
rise  and  growth  of  the  constitutional  principle  in  this  island, — a 
plant  nurtured  in  many  storms  and  watered  by  the  best  blood  of 
the  land, — ^might  be  worth  tracing  in  these  more  stable  and  peace- 
ful times.  It  might  also  be  interesting  to  recall  the  gradual  pro- 
gress and  direction  of  opinion  in  the  two  ends  of  the  island,  and  of 
the  conflict  or  concord  out  of  which  so  powerful  and  thorough  a 
fabric  has  been  consolidated.  But  my  theme  to-night  is  necessarily 
less  ambitious  than  its  titie  indicates.  I  am  limited  both  by  the 
place  in  which  and  the  audience  to  which  I  speak,  and  also  by  the 
time  which  it  would  be  reasonable  for  me  to  occupy. 

At  present  I  mean  only  to  say  some  things  about  some  ftunous 
but  forgobten  political  treatises  and  their  authors^  not  indeed  with 
the  intention  (as  you  may  well  suppose)  of  entering  into  any 
poUtical  disquisition  on  my  own  part,  or  of  indicating  any  opinion 
upon  the  subjects  with  which  these  authors  deal  I  mean  merely 
to  describe  the  writings  and  their  authors,  and  draw  together  as  well 
as  I  can  some  particulars  respecting  both,  which,  as  not  being 
fiamiliar,  may  prove  not  uninteresting.  Addressing,  as  I  presume  I 
do,  men  of  all  shades  of  political  opinion,  I  shall  say  nothing  that 
can  touch  the  susceptibilities  of  any.  Tros  Tyriusve,  Boundhead  or 
Cavalier,  Passive  Obedience  or  Fifth  Monarchy  men,  if  there  are 
any  such  among  my  audience,  shall  have  nothing  to  complain  of, 
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as  I  mean  only  to  gossip  about  biogiaphy  and  bibliography,  and 
mainly  of  the  characteis  and  lives  of  the  men  whose  writings  I  have 
taken  as  my  text 

The  femotui  and  foigotten  treatises  to  which  I  lef ei  are  substan- 
tiallj  five : — 1^,  Buchanan's  tract  ''  De  jure  regni  apnd  Scotos ; " 
My  Milton's  ''  Def  ensio  pro  popnlo  Anglicano  "  against  Salmasiud ; 
H  Samud  Bntherford's  dissertation  entitled  ''Lex  Bex;"  4th, 
Hanington's  ''Oceana;"  and  6th,  Algernon  Sydney's  yolitme  on 
"  GoTemmeni  "  These  writings  were  all  of  them  famous  in  their  day. 
I  don't  think  that  I  am  wrong  in  saying  that  they  are  all  thoroughly 
foigotten  now, — so  completely  forgotten  that  even  the  existence  of 
mne  of  them  is  unfamiliar  to  most  general  readers,  although  the 
names  of  their  authors  are  remembered.  I  doubt  if  many  of  my 
bnen  ever  read  one  of  them  throughout,  and  most  of  them  I  sus- 
pect nerer  read  a  word  of  any  of  theuL 

The  two  which  stand  first  on  my  Hst  are  the  works  of  very 
eekbnied  men — ^the  memory  of  whom  is  green  and  fresh  to  this 
day— Buchanan  for  his  prodigious  scholarship  and  his  inastery  of 
tiie  Latin  language;  Milton  for  a  muse  which  will  make  him 
bmm  to  all  time,  while  our  language  surviyes.  Yet  Bayle,  in 
Ins  Dictionary,  treats  Buchanan's  tract  as  the  most  renowned  of  his 
imovig  works,  and  recognises  in  Milton  only  the  antagonist  of 
Sahoasius;  nor  is  it  until  the  later  notice  in  his  article  under 
Milton's  name,  that  he  condescends  even  to  mention  the  "  Paradise 
I^"  and  then  only  in  reference  to  a  tradition  or  rumour  that 
Dijdfin  thought  well  of  it  Had  &e  reputation  of  these  two  great 
men  rested  only  on  performances  which  made  them  the  literary 
l^sroes  of  the  day,  their  chance  of  immortality  would  have  been 
Blight  Brunet,  in  his  "  Manuel  du  libraire," — a  pubHcation,  as 
i>  well  known,  of  the  present  century, — ^wMle  he  fidly  describes 
BHoy  editions  of  the  works  of  both,  does  not  guide  the  collector 
to  a  ongle  separate  edition  of  discourses  which  made  such  a  stir 
in  Europe,  and  which  were  separately  the  subject  of  more  than  one 
continental  printing-press.  Both  Buchanan's  treatise  and  Milton's 
"Defansio"  were  printed  by  the  Elzevirs  more  than  once;  and  yet 
*^  these  productions  of  a  celebrated  press  have  been  apparently 
^^'tgotten.  The  other  works  which  I  have  mentioned  have  also 
"^  into  utter  obUyion,  although  they  also  had  their  share  of 
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leputation  and  inflaence,  and  their  authois  were  men  of  considerable 
mark;  still,  forgotten  as  they  are,  it  is  important  to  remember 
that  they  were  once  famous,  and  though  it  may  sound  like  a 
paradox,  the  fact  of  their  being  forgotten  may  in  some  sense  be 
attributed  to  their  power.  The  ruins  of  great  controversies  are 
almost  always  worth  exploring,  although  the  fabric  itself  may  have 
perished.  These  works  made  their  mark,  and  whether  they  failed 
or  took  effect,  they  are  alike  forgotten, — if  in  failure,  because  they 
failed ;  if  in  success,  because  posterity  has  built  on  their  foundations. 
These  things  do  more  than  point  the  moral  of  the  fleeting  nature  of 
popularity.  Contemporaneous  fame  means  contemporaneous  impres- 
sion, and  if  that  impression  has  been  deep  enough  to  mould  and  in- 
fluence the  opinions  or  the  policy  of  a  generation,  the  next  no  doubt 
may  wonder  at  all  the  trouble  bestowed  on  what  seems  to  them  so 
slight  an  affair.     Qrandiaque  effossia  mirahitur  arma  sepudckria. 

More  important,  however,  to  the  main  object  of  my  theme  to-night, 
is  the  light  which  such  inquiries  afford  to  the  student  of  history. 
Words  which  have  arrested  and  absorbed  the  attention  of  the 
public  at  any  given  period,  are  not  necessarily  possessed  of  interest 
at  any  other.  But  their  celebrity  goes  far  to  indicate  of  what  topics 
people  thought,  and  spoke,  and  wrote  intensely,  while  that  reputa- 
tion, although  ephemeral,  lasted.  Opinion,  social,  moral,  and 
political,  may  be  very  surely  ascertained  and  tested  by  the 
applause  accorded  to  works  of  contemporaneous  controversy.  In 
the  present  instance  the  dissertations  I  have  chosen  as  my  theme 
were  the  progeny  of  mighty  and  convulsing  political  and  social 
events  in  both  ends  of  the  island.  They  are  strokes  of  the  hammer 
wielded  by  vigorous  and  powerful  arms,  in  times  which  called  for 
vigour  and  strength, — times  in  which  the  labyrinth  of  politics  could 
only  be  safely  threaded  by  the  courageous  and  the  wary.  Whether 
my  authors  found  the  safest  track,  or  missed  their  way  in  devious 
mazes  lost,  I  shall  not  try  to  determine ;  I  only  take  their  words  as 
an  index  to  the  times.  , 

The  author  of  the  first  of  these  treatises,  to  which  most  if  not 
all  of  my  attention  to-night  must  be  directed,  George  Buchanan, 
was  one  of  the  most  remarkable  men  any  country  in  Europe 
ever  produced,  and  his  life  was  as  remarkable  as  his  abilities. 
Sprung  of  a  humble  stock,  the  9on  of  a  farmer  in  the  Lennox, 
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he  started  on  his  career  with  none  of  the  advantages  of  fortune 
in  his  favour.  His  father  having  died  early,  in  emharrassod  cir- 
CQiDBtanceSy  he  was  sent,  hy  the  liberality  of  an  uncle,  and  when 
only  fourteen  years  of  age,  to  the  University  of  Fans,  in  the  year 
1520.  He  there  remained  two  years,  when  his  kind  relative  died, 
and  he  himself  was  the  victim  of  a  serious  illness,  aggravated  hy 
being  left  in  poverty  in  a  foreign  land.  He  returned  home  in  1522, 
when  he  enlisted  as  a  soldier,  and  accompanied  the  Duke  of 
Albany's  ill-fated  expedition  to  Berwick  in  1523,  and  thereafter 
studied  under  the  celebrated  John  Mair  or  Major  at  St  Andrews, 
with  whom,  after  taking  a  degree  as  Bachelor  of  Arts  in  1525,  he 
letnmed  to  Paris  in  1527.  After  many  discouragements  and  some 
amonnt  of  success,  we  find  him  in  1529  as  a  regent  or  professor  in 
the  College  of  St  Barbe,  at  the  age  of  twenty-three.  The  position, 
howeyer  honourable,  seems  to  have  been  respectable  poverty,  and  one 
of  rather  thankless  toil ;  for  he  thus  concludes  an  elegy,  the  first  of 
the  series  in  his  works,  written  during  his  tenure  of  office,  after 
descanting  mournfully  on  the  miseries  of  a  teacher  of  letters : — 

"  Ite  igitar,  mnsse  steriles,  aliomqne  ministrum 
Qiuerite ;  nos  alio  sors  animusque  vocat.  " 

In  1532  he  became  the  preceptor  of  the  young  Earl  of  Cassilis, 
and  after  residing  with  him  in  France  for  five  years,  returned  with 
him  to  Scotland  in  1537,  and  rose  to  considerable  favour  with  the 
kin^  James  Y.  But  his  sharp  pen  and  evil  fortune  brought  him 
into  trouble;  and  having  incurred  the  wrath  of  the  Franciscan 
deigj  by  his  two  satires,  still  famous,  of  the  ''  Somnium  "  and  the 
**  Fnndscanus,"  he  with  difficulty  made  his  escape  from  prison,  and 
aftermany  adventures  returned  to  France  in  1539.  Finding  him- 
self even  in  Paris  pursued  by  the  enmity  of  Cardinal  Beaton,  he 
sceepted  the  invitation  of  Andrew  Govea,  a  native  of  Portugal,  and 
a  man  of  great  learning,  to  fill  the  office  of  professor  in  the  College  of 
Gmenne,  in  Bordeaux,  in  which  Govea  was  principal  There  he 
■pent  three  years  in  the  heart  of  a  cluster  of  distinguished  men, 
including  the  elder  Scaliger,  who  resided  in  the  neighbourhood  of 
Botdeanx,  and  for  whom  he  contracted  a  warm  attachment. 
^^^  at  Bordeaux  he  wrote  his  tragedies  of  ''Jephtha"  and 
^  Baptiates,"  mainly  as  exercises  for  his  students,  and  among  the 
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yoathful  actoxB  was  no  less  a  oelebritj  than  Michel  Montaigne. 
He  remembered  Buchanan  with  respect  in  after  years,  and  names 
him  among  the  greatest  poets  of  the  day.  Buohanan  returned  to 
Paris  in  1544,  and  was  there  associated  with  Tomebns  and  Muretas 
in  the  (College  of  Cardinal  le  Moine,  in  that  city,  and  there  he 
seems  to  have  remained  with  great  distinction  till  1547,  when  he 
was  induced  to  remove  with  Govea  to  the  Uniyersity  of  Goimbra. 
He  was  there  persecuted  by  the  officers  of  the  Inquisition^  who  had 
not  forgotten  "  Franciscanus,"  and  he  was  ultimately  confined  to  a 
monastery,  where  he  commenced  his  renowned  translation  of  the 
Psalms,  which  won  for  him  the  well-known  title  conferred  by  Heniy 
Stephans,  ''Poetarum  hujus  saeculi  facile  princeps."  After  two 
years  he  was  released,  and  ultimately  returned  to  Paris  in  1553. 
Soon  afterwards  he  became  attached  to  the  family  of  the  Comte  de 
Brissac,  who  governed  the  French  dominions  in  Italy,  whither 
Buchanan  accompanied  him  as  tutor  to  his  son,  and  after  five  years 
residence  with  that  nobleman,  having  been  his  companion  through- 
out his  campaigns,  he  at  last,  as  serious  trouble  threatened  France, 
returned  to  his  native  country  in  1560,  after  a  continuous  absence 
of  twenty-one  years.  He  was  now  fifty-four  years  of  age,  having 
spent  more  than  thirty  of  them  in  continental  Ufa 

The  passage  in  which  Montaigne  mentions  his  remembranoe  of 
Buchanan  is  worth  referring  to.  It  does  credit  to  his  self-esteem. 
He  is  speaking  of  his  proficiency  in  Latin,  and  enumerates  among 
his  preceptors  Buchanan,  calling  him  that  great  Scottish  poet  Of 
all  these  he  says,  ''  they  often  told  me  that  I  had  that  language 
(Latin)  in  my  youth  so  ready  to  my  hand  that  they  were  afraid  to 
address  me."  He  goes  on  to  say,  "  Buchanan,  whom  I  afterwards 
saw  in  the  suite  of  M.  le  Marshal  de  Brissac,  told  me  that  he  had 
a  design  of  writing  a  book  on  the  education  of  children,  and  meant 
to  take  me  as  an  exampla"    (''  Essays,"  1-25). 

I  have  thus  hastily  sketched  the  career  of  Buchanan  before  he 
again,  and  finally,  set  foot  in  his  native  land,  to  be  involved  in  tiie 
eddies  of  the  recent  Eeformation,  and  the  still  more  exciting 
troubles  of  Queen  Mary's  reign,  mainly  because  I  was  anxious  to 
outline  his  previous  vicissitudes,  and  to  show  what  manner  of  man 
he  was,  among  what  scenes  he  had  been  trained,  whose  words  form 
my  theme  to-night    When  he  returned  to  Scotland,  he  found  tha^ 
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eountiy  in  the  midst  of  the  agitation  consequent  on  the  Sefbnna- 
tion  of  1560.  Its  political  aspect  and  prospect  were  troubled  in 
the  extreme.  In  no  country  in  Europe  was  the  ju$  regni  moro 
vorttij  of  philosophical,  patriotic,  and  practical  thought  From  the 
fist  of  the  Stuarts  down  to  the  fair  and  unfortunate  princess  whose 
nigii  was  about  to  commence,  misfortune,  violence,  and  treachery 
had  surrounded  the  Scottish  throne.  James  the  Fimt  of  Scotland, 
titt  ablest  and  wisest  of  his  race,  was  cut  off  promaturely  by  the 
•word  of  an  assassin.  James  the  Second  was  killed  by  the 
acddantal  bursting  of  a  cannon.  James  the  Third  was  murdered 
by  his  rebel  subjects.  James  the  Fourth  fell  at  Flodden;  and 
JameB  the  Fifth  died  of  a  broken  heart  about  the  time  of  which 
we  now  speak.  Alttiough  Scotland  had  the  framework — whence 
detived  it  is  perhaps  not  easy  to  say — of  constitutional  government, 
it  had  nothing  which  deserved  the  name  of  constitutional  liberty. 
The  people  had  no  voice  whatever,  and  government  seemed  to 
eoDsUt  of  a  perpetual  struggle  between  the  nobility  and  the  crown. 
When  Buchanan  rotumed  to  Scotland,  it  was,  however,  plain 
that  the  waters  wero  being  stirred  The  Eef  ormation  had  set  men 
thinking  and  the  free  circulation  of  the  Scriptures,  and  the 
prBiching  of  the  reformed  clergy,  had  given  tone  and  temper  to  the 
times.  Events  rapidly  succeeded  each  other,  which  in  the  end 
threw  the  kingdom  into  the  convulsions  of  civil  war ;  but  it  is  not 
my  purpose  to  trace  in  any  detail  that  most  interesting  but  melan- 
choly period  of  the  history  of  this  country.  A  few  sentences  will 
bring  me  abreast  of  the  date  of  Buchanan's  work.  I  stop  for  a 
moment  to  conclude  this  chapter  of  his  life  by  remarking  on  the 
Bmgalar  position  held  by  men  of  letters  in  European  society  in  the 
"Jteenth  century. 

The  circles  in  which  Buchanan  moved  seem  to  have  been  very 
^idliant)  very  genial,  and  very  poor.  Their  acquired  learning  seems 
to  htve  been  prodigious,  and  considering  that  the  art  of  printing 
^^  not  a  century  old,  indicates  how  intense  was  the  hunger  and 
^^  after  knowledge  in  that  generation.  Indeed,  almost  any 
®^^^Med  work  of  that  time  so  bristles  with  learning,  culled  chiefly 
°^  the  andents,  but  still  so  minute,  and  indicating  so  wide  a 
'"^as  to  fill  the  modem  student^s  heart  with  something  approach- 
isgtode^air. 
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It  has  DO  doubt  some  want  of  varietjy  and  in  some  of  the  contro- 
versies to  which  I  have  alluded|  each  combatant  bespatteis  the  other 
with  the  same  kind  of  arrows  drawn  from  the  same  quiver,  spears 
belonging  to  the  same  armoury ;  but  still  their  mastery  of  these 
weapons  is  in  the  last  degree  admirable.  As  to  how  the  wise  men  of 
those  days  lived,  and  what  was  the  tone  of  their  private  and  social 
intercourse,  it  is  not  easy  to  form  an  adequate  conjecture.  One 
is  apt  to  fancy  that  if  the  Latin  language  was  that  of  learned  conver- 
sation— when  you  complimented  your  host  in  Latin  elegiacs  if  he  had 
been  civil,  and  lampooned  him  in  Latin  epigram  if  he  had  given  you 
offence,  the  general  social  atmosphere  must  have  been  somewhat 
pedantic  and  wanting  in  ease,  as  it  is  certain  it  was  wanting  in 
refinement  Probably,  however,  this  would  be  an  erroneous  conclu- 
sion, and  although  without  the  canons  of  modem  good  breeding,  it 
is  probable  that  these  circles  had  brightness,  vivacity,  and  humour. 
Buchanan  is  specially  mentioned  as  charming  and  witty  in  conver- 
sation; and  it  was  said  of  him  that  there  was  not  an  agreeable  man 
in  Europe  with  whom  he  was  not  familiar.  In  later  life  he  was 
described  by  the  unfriendly  as  rustic,  ''  agrestia  "  in  his  appearance 
and  demeanour,  and  slovenly  in  his  dress ;  but  age,  broken  health, 
and  incessant  turmoil  may  have  given  his  bachelor  habits,  for  he 
was  never  married,  a  stronger  hold  on  him  than  they  had  when  he 
charmed  the  fastidious  circles  of  Paris,  twenty  years  before.  He  had 
almost  ceased  to  be  a  Scotchman.  The  great  De  Thou  claimed  him 
as  a  countryman — ''  a  native  of  the  banks  of  the  Blane  in  Scotland, 
by  birth,"  he  says  of  him,  "  but  one  of  us  by  choice."  Buchanan  pro* 
bably  thought  more  in  Latin  and  in  French  than  in  his  mother  tongue. 

On  his  first  arrival  the  queen  was  unquestionably  partial  to  him. 
He  read  classics  with  her,  and  she  confided  to  him  the  charge  of 
her  son, — for  whose  benefit  indeed  the  treatise  I  have  spoken 
of  was  afterwards  composed, — and  he  dedicated  to  her'  the  first 
edition  of  his  Psalms,  in  an  epigram,  as  he  styles  it,  full  of  grace. 
Into  the  troubles  which  followed,  and  the  part  he  took  in  them — 
whether  he  was  ungrateful,  as  one  section  of  critics  maintain,  or 
patriotic  as  the  other  side  says,  I  do  not  stop  to  inquire.  He  was 
unquestionably  in  the  front,  whatever  were  the  merits  of  the  conflict 
But  in  1579  the  battle  was  over.  His  royal  pupil  was  on  the  throne 
when  he  wrote  this  celebrated  treatise.     The  direct  object  which 
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fiachazum  had  in  view  was  to  Yindicate  the  course  which  the  nohility 
and  the  parliament  had  followed  in  regard  to  Queen  Mary.  And 
when  he  comes  to  apply  the  general  views  which  are  announced  and 
enfoioed  in  the  course  of  his  argument,  it  is  to  this  conclusion  that 
k  wishes  to  hring  his  readers.  J  am  not,  however,  to  inquire  here 
liow  far  he  succeeds  in  his  main  attempt,  hut  I  am  rather  concerned 
with  his  work  as  a  philosophical  discourse  on  the  principles  of 
gOTenunent,  and  whatever  opinion  one  may  form  of  the  scope  of  his 
pezfonnance,  there  can  he  hut  one  estimate  of  its  extreme  ability, 
^  also  looking  at  him  in  the  light  of  the  times  in  which  we  live, 
of  its  moderation  also.  That  lus  ideas  on  government  were  to  some 
extent  swayed  by  his  own  individual  experience,  perhaps  his  indi- 
^nal  peril,  may  be  assumed.  But  I  think  all  must  see,  in  this 
most  thoughtful  composition,  the  fruit  of  long  reflection  amid  many 
vicissitudes.  One  peculiarity  it  has  deserving  notice ;  it  is  a  purely 
political  essay.  Although  he  deals  with  the  power  of  the  pope  and 
the  Boman  Catholic  clergy,  the  views  illustrated  are  hardly  tinged 
at  all  with  the  ecclesiastical  controversies  of  the  time,  and  indeed 
Bnchanan  was  little  of  an  ecclesiastic,  although  he  and  Knox  appear  to 
IttTe  been  intimate.  The  sketch  which  he  gives  of  his  ideal  ruler  is 
wotked  out  in  Latinity  of  wonderful  elegance  and  power,  with  a 
subtle  continuity  of  reasoning  which  marks  the  weight  and  depth 
of  a  true  statesman. 

The  treatise  itself  is  cast  in  the  form  of  a  dialogue  between 
Buchanan  and  a  friend — Thomas  Maitland — a  brother  of  Mait> 
land  of  Thirlstane,  himself  a  man  of  letters  of  some  repute.  This 
machinery  of  dialogue  gives,  especially  at  the  outset,  an  impres- 
sion of  restraint  and  weariness  to  the  reader,  and  excites  a  wish 
^  ihe  author  would  come  to  the  point  much  sooner.  Indeed, 
'Stakes  the  lion's  share  of  the  conversation  to  himself,  and  his  Mend 
cm  hardly  have  been  flattered  by  the  inteijectional  and  fractional 
^tteiances  assigned  to  him  as  his  contribution  to  the  discourse.  But 
^^  was  an  ingenious  design  in  this.  This  supposed  listener,  or 
^puter,  is  used  to  modify,  qualify,  and  illustrate  Buchanan's  own 
Impositions,  to  wear  off  their  edges  and  prevent  them  being  too 
bluntly  and  ungraciously  presented  Maetellanus,  or  Maitland,  has 
a  leaning  for  monarchy,  and  a  fear  of  the  many-headed  monster, 
^uhout  carrying  these  to  excess :    he  likes  "the  divinity  that  doth 
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hedge  a  king/'  and  the  pomp  and  ciioumstanoe  of  royalty;  and 
Buchanan,  while  maintaining  his  own  view,  is  pleaaed  to  giant  great 
weight  and  some  sympathy  to  that  of  his  Mend.  He  starts  with 
the  propositions — ^not  new  in  these  days,  hut  in  those  aadacions  and 
dangerous — ^that  all  government  exists  for  the  people  and  from  the 
people,  and  lays  this  down  as  a  fundamental  axiom,  admitting  of  no 
controYersy.  His  friend  does  not  directly  assent  to  the  principle,  or 
impugn  it;  hut  he  says  ^'Oh,  I  understand  you.  You  are  one  of 
those  who  likerepuhlics,  like  Venice  or  Rome,  or  the  Mas8ilian&"  ''No," 
rejoins  Buchanan,  ''you  do  me  great  ii^ustioe;  that  is  not  my  opinion. 
It  is  not  the  form  of  government  in  these  states  which  I  think  com- 
mendahle,  hut  the  equity  of  their  institution&  The  doge  of  Venice 
is  as  much  a  king  as  any  other,  and  we  need  not  quarrel  ahout 
names."  He  goes  on,  perhaps  a  little  tediously,  and  interrupted  hy 
hrief  sounds  of  assent  from  his  friend,  to  illustrate  these  principlea 
He  takes  the  analogy  of  a  physician,  who  must  know  the  laws  of 
nature  hefore  he  can  apply  them;  and  of  science  and  the  arts,  which 
must  he  studied  and  mastered  hefore  they  are  successfully  reduced 
to  practice,  and  maintains  that  government  is  an  art  He  recurs  fre- 
quently to  hoth  these  illustrations,  and  it  is  amusing  to  surmise  that 
from  the  last  his  royal  pupil,  who  did  not  carry  out  his  preoeptor^s 
lessons  otherwise,  prohahly  derived  that  idea  of  kingcraft  of  which 
he  considered  himself  so  great  a  master.  He  goes  on  to  consider  the 
just  place  of  constitutional  law,  and  the  authority  of  parliaments  in 
their  relation  to  kingly  authority,  holding  the  monarch  not  to  he  above 
the  law,  but  yet  with  a  power  of  tempering  by  his  royal  prerogative, 
the  necessary  inequalities  of  its  letter.  He  then  proceeds  to  point 
out  how  much  a  monarch's  personal  observance  of  law  tends  to 
encourage  the  obedience  and  good  order  of  his  subjects.  This  part 
of  his  theme  he  winds  up  with  the  most  striking  passage  of  the 
treatise,  a  passage  of  splendid  Latinity,  and  of  the  truest  and  highest 
eloquence.  His  Mend  sneers,  or  is  made  to  sneer,  at  the  constitu- 
tional safeguards  with  which  he  surrounds  his  monsrcL  Buchanan, 
in  reply,  draws  a  picture  of  his  ideal  ruler.  He  breaks  out  into  an 
impassioned  description  of  a  patriot  king.  "  Can  any  honour,  dignity, 
might,  or  majesty  be  described  or  be  conceived  in  any  man  greater  than 
to  be  able  by  speech,  intercourse,  reputation,  aspect^  and  the  tacit 
influence  of  example,  to  bring  back  the  dissolute  to  moderation,  the 
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violent  to  justice,  the  senseless  to  reasonf "  ''Do  I  now/'  he  ezclaimSy 
"appear  to  think  meanly  of  your  king)  Do  I  represent  him  as  loaded 
with  chains  and  confined  in  a  prison  house  of  laws!  Do  I  not  bring 
him  oat  into  the  theatre  of  the  human  racef '  The  rest  is  oonoeiYed 
ttd  ezprBSBed  with  such  spirit  that  I  give  it  in  Buchanan's  own  woids : 
'^Von  superbo  spiculatorum  ooetu,  sericatiBque  nebulonibus  stipa- 
tom,  Bed  sua  tatum  innocentia,  nee  armorum  terrore,  sed  populi 
smoie,  munitum;  nee  modo  liberum  et  erectum,  sed  honoratum, 
■ed  Tenerabilem,  sacrosanctum,  et  augustum ;  cum  bonis  ominibus 
et  faostis  aoelamationibus  prodeuntem,  et  quocunque  progrediatur, 
onmiom  oniy  et  oculos,  et  animos  in  se  convertentenL"  *^Not  sur« 
nnmded  by  a  proud  escort  of  javelin  men,  or  an  imposing  band  of 
bsTeB,  but  secure  in  Ids  own  innocence;  guarded  not  by  the  teiror  of 
mne^  but  by  the  love  of  his  people ;  not  only  free  and  erect,  but 
honoiued,  yeneraUe,  sacred,  and  august;  going  forth  with  all  good 
omsDi,  and  happy  acclamations,  and,  wherever  his  steps  are  directed, 
tondng  all  fiices,  and  eyes,  and  hearts  towards  him."  This  noble 
piaage  quite  melts  the  heart  of  his  friend  Maitland,  who  assures 
him  that  nothing  more  magnificent  could  be  conceived.  This  was 
his  idsal  in  1580.  In  1880, 1  think  we  may  say  that  Buchanan 
only  lived  before  his  time,  and  that  the  ideal  has  changed  into  reality. 
Bnefaanan  has  some  views  on  the  powers  of  parliament^  and  the 
obligation  of  laws  passed  by  them,  which  would  hardly  find  accept- 
ioce  in  the  present  day,  and  which  were  sharply  canvassed  at  the 
time.  He  had  a  notion  that  the  tacit  assent  of  the  people  was 
MeeMry  to  give  efficacy  to  the  laws  passed  by  parliament;  from 
which  it  would  follow  that  at  the  time  the  law  was  passed  it  was 
not  binding.  But  we  must  remember  this  was  but  the  dawn  of 
CoDstitationalism. 

If  Buchanan  hoped  to  raise  his  immediate  reputation  by  this 
OMtedy  performance,  he  must  have  been  greatly  disappointed  He 
&d  m  1582,  and  before  his  history  was  in  the  hands  of  the  public 
Bot  he  was  assailed  from  all  quarters,  abroad  and  at  home.  Every 
c>hminy  that  malignity  could  suggest  was  levelled  at  his  private 
^^uoicter.  He  had  been  a  Franciscan  friar,  they  said,  and  therefore 
^  a  lenegade.  He  was  in  private  life  one  of  the  vilest  of  men. 
Hit  book  was  a  scandal  to  his  race.  The  Scottish  Parliament  in 
^^,  two  years  after  Buchanan's  death,  condemned  it  and  his 
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history  to  be  burned  by  the  common  hangman.  He  was  met  by 
numberless  replies,  the  most  pungent  of  which  was  written  by 
Barclay,  the  father  of  the  author  of  the  '^Argenis."  Even  the 
Protestant  party  on  the  Continent  began  to  speak  of  him  as  a  man 
of  no  consequence,  as  they  did  not  wish  their  religious  opinions  to 
be  mixed  up  with  questions  on  government.  They  said  he  had 
recanted  on  his  deathbed^  and  this  was  kept  up  for  a  century,  and 
X  suppose  lives  still,  as  a  controversy  which  cannot  be  settled. 
'^ Nevertheless,"  says  Bayle,  in  his  caustic  vein,  "Buchanan's 
'Dialogue'  made  a  great  noise;  and  some  of  those  who  most 
strongly  condemned  him  were  found  quoting  maxima  from  it  before 
five  years  were  over." 

It  may  be  questioned  whether  the  times  were  ripe  for  such  views, 
and  indeed  there  is  no  question  at  all  that  the  first  effect  of  the 
publication  was  to  delay  the  advent  of  constitutional  liberty.  But 
the  courage  of  the  man  who  thus  openly  proclaimed  them  cannot 
be  denied ;  and  in  this  respect,  perhaps,  he  is  entitled  to  stand  on 
a  higher  level  than  some  of  the  authors  to  whom  I  mean  now  to 
proceed. 

On  the  whole,  as  Bayle  says,  he  cannot  be  denied  the  praise  of 
an  elegant  genius  and  an  admirable  style.  For  myself,  I  think 
his  intellectual  power  was  immense,  but  that  a  vein  of  harshness 
and  hardness  ran  through  his  powerful  character,  which  was  more 
strongly  developed  in  his  later  years.  He  had  imagination  and 
taste,  but  little  sentiment  j  a  strong  sense  of  duty,  but  too  little 
flexibility  for  a  successful  politician.  I  end  these  cursory  remarks 
with  quoting  Thuauus'  (or  De  Thou's)  character  of  bim,  a  tribute 
from  such  a  quarter  being  quite  sufficient  to  attest  his  contem- 
poraneous reputation  and  his  real  merit 

Thuanus  says,  in  book  IxxvL  of  his  "History,"  at  page  415*: — 
"  Ante  eum  Georgius  Buchanan,  4  KaL  Oct.  exacta  Aetate,  et  76 
annum  supergressus,  decesserat,  vir  ingenii  felicitate,  et  scribendi 
facultate,  quod  ejus  scripta  ad  omnem  etemitatem  victura  vel 
fatente  invidia,  testantur,  nostra  aetate  incomparabilis."  After  giving 
a  short  sketch  of  his  life,  and  claiming  him,  as  I  have  said,  for 
a  countryman,  he  thus  concludes : — "  in  senili  otio  patriam 
historiam  aggressus  est ;  quam  tanta  puritate,  prudentia  et  acumine 
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scripsit,  quamvis  interduin  libertate  genti  innata  contra  regium 
fastigium  acerbior^  ut  ea  scriptio  non  hominem  in  pulvere  liteiario 
Tenatom,  sed  in  media  hominum  luce,  et  in  tractandis  leipublicse 
negotiis  tota  vita  ezercitatmn  ledoleai" 


II 

I  piopoae  to-nigbt,  witb  the  leave  of  the  Society,  to  conclude  the 
paper  the  first  part  of  which  I  submitted  to  them  on  a  former 
occasion.  My  theme,  as  I  expressed  it,  was  to  consider  some 
&moiiB  and  forgotten  treatises  on  government  and  their  authors, 
with  the  view  of  elucidating  the  rise,  nurture,  and  maturing  of  the 
oonatitational  principle  in  this  island  I  confined  myself  in  that 
pi^r  to  the  consideration  of  Buchanan's  treatise  *'  De  jure  Kegni 
apnd  Scotoe,"  along  with  some  passages  in  the  career  of  that 
lemarkahle  man.  I  now^yirt  from  him  and  his  period  and, 
atepping  over  half  a  centu^  come  to  the  eventful  year  of  1644. 

The  interval,  however,  counts  for  a  great  deal  in  the  political 

education  of    this  country.     In   Buchanan's  time,  constitutional 

libertj  was  little  known  in  our  end  of  the  island.     We  had  our 

nominal  representation  in  parliament,  but  as  far  as  any  real  popular 

control  was  concerned,  it  was  little  but  a  name.     What  with 

intrigae,  political  faction,  and  family  feuds,  the  phantom  of  repre- 

aeotatiye  government  flitted  round  the  Parliament  House,  hut  the 

Ral  principle  of  power  resided  in  the  favourites  and  satellites  of 

the  palace.     I  showed  in  my  last  paper  that  Buchanan,  although 

hold  and  outspoken,  was  by  no  means  anti-monarchical,  although 

deducing,  as  all  constitutional  writers  have  done  since  his  time,  the 

Rgal  power  from  the  popular  wilL     But,  considering  the  temper  of 

the  times,  and  the  arbitrary  tone  of  the  Scottish  monarchs,  it  is 

cteditable  to  Buchanan's  courage,  as  well  as  to  his  foresight,  that  he 

did  not  hesitate  to  proclaim  the  distasteful  doctrine  in  ears  to 

which  he  knew  its  sound  would  be  unpalatable. 

As  it  was,  however,  and  as  often  happens,  the  force  and  earnest- 
^^  vith  which  the  preceptor  of  James  YL  had  laboured  to  bend 
^  stubborn  and  ungainly  royal  branch,  proved  to  have  inclined 
^  strongly  in  another  direction.  Of  his  preceptor's  learning, 
Jvnee  VI.  had  imbibed  a  considerable  share.     Hia  own  intellect| 
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although  not  lofty,  was  acute  and  sagaciouB;  and  the  kingcraft 
he  had  learned  at  the  feet  of  Buchanan,  he  appUed  to  an  end 
very  lemote  from  that  intended  by  his  instructor.  If  the  ScottiBh 
Dionarchs  of  old  were  less  fettered  by  the  restraints  of  constitu- 
tional law  and  parliamentary  privilege  than  their  brothers  in  Eng- 
land, the  latter  had  one  advantage,  of  which  James,  when  in  1603 
he  took  possession  of  his  new  dominions,  was  not  slow  to  avail  him- 
sell  The  king  of  England  was  a  far  more  remote  and  inaccessible 
potentate  than  his  royal  brother  of  Scotland.  The  latter  was  never 
secure  from  being  invaded,  scolded,  and  rebuked  by  some  &ithful 
counsellor,  at  any  hour  of  any  day.  Thus  his  ordinary  life  was 
superintended  and  criticised  by  his  subjects,  and  his  plans  and 
projects  were  discussed  with  a  freedom  which  the  r^gal  state  of 
Whitehall  rendered  impossiblei  James,  with  the  Tweed  safely 
between  him  and  his  loving  Scots,  breathed  freely,  and  matured 
gradually  but  effectively,  in  private  and  unmolested,  those  visions 
of  kingly  power  which  had  been  the  fruit  of  the  lessons  of  his 
ardent  master. 

Very  slowly,  but  very  deliberately  and  skilfully,  did  the  king 
develop  his  policy.  To  diminish  the  power  of  parliament  in  one 
end  of  the  island,  and  that  of  the  Presbyterian  party  in  the  other, 
was  the  instrument  by  which  he  hoped  to  make  the  British  throne 
the  seat  of  a  true  king — not  such  a  monarch  as  Buchanan's  ideal  of 
a  patriot  king  presented,  but  an  embodiment  of  that  divine  eaaenoe 
of  royalty  which  could  place  him  alongside  the  arbitraiy  models  on 
the  Continent  Such  was  his  ambition,  and  had  he  not  died 
prematurely  it  is  possible  he  might  have  succeeded.  He  went 
to  work  so  cautiously  that  he  excited  no  public,  and  hardly 
any  private,  discontent.  He  temporised,  he  flattered,  he  threatened, 
but  never  struck  until  he  was  certain  he  could  do  so  safely. 
The  invisible  threads  of  the  royal  cobweb  stretched  aoroas  and 
across  the  island  without  the  nation  perceiving,  from  one  day 
to  the  next,  how  far  they  had  gone  on  their  way  to  despotuun,  or 
how  much  more  dim  and  distant  were  their  liberties. 

But  the  fabric  perished  at  his  death.  The  unpractised  and 
clumsier  hand  of  his  son  tore  away  the  slender  filaments,  and  in 
1644  the  contest  between  the  king  and  the  parliament  was  at  its 
height. 
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I  tom  &om  the  piojects  of  kings  to  a  treatise  by  a  man  whose 

name  is  not  now  trumpeted  by  general  fame ;  bnt,  nevertheless, 

that  of  one  who  in  his  day  contributed  not  a  little  to  the  historical 

events  of  that  time.     His  name  is  well  remembered  in  the  cottage 

population  of  our  land,  but  is  probably  chiefly  familiar  to  the 

general  reader  by  the  scornful  lines  of  one  greater  than  he : — 

"  Dare  ye  for  tlus  renounce  the  civil  sword 
To  force  our  consciences  which  Christ  set  free, 
And  side  us  with  a  classic  hierarchy, 
Taoght  ye  by  mere  A.  S.  and  BatherfonL" 

So  wrote  John  Milton,  in  the  height  of  a  controversy  in  which  he 
was  destined  to  be  worsted  in  the  end,  but  which  still  casts  its 
lengthened  shadow  over  our  civil  institutions. 

While  the  Westminster  Assembly  of  Divines  was  still  in  the 
midflt  of  its  labours,  a  book  was  published  by  one  of  its  members, 
entitlfid  <*Lex  Bex";  or,  the  Law  and  the  Prince.     It  made  a  great 
noise  at  the  time.     The  author  was  Samuel  Rutherford,  a  Scottish 
diyine  of  great  ability,  who  was  one  of  the  delegates  sent  to  the 
AflNmhly  by  the  Presbyterians  of  the  north.      He  was  of  humble 
liirth,  but  his  career  in  such  learning  as  the  University  of  £din- 
boigh  could  at  that  time  afford,  was  so  rapid  that,  at  the  age  of 
twvntj-thiee,  he  was  elected  one  of  the  regents  of  the  college.     He 
afterwards  became  minister  of  the  parish  of  Anwoth.      Having 
^litten  an  ecclesiastical  treatise  which  gave  offence  to  the  autho- 
rities, he  was  for  some  time  imprisoned  in  Aberdeen,  and  during  his 
^(NifixifflDent  he  wrote  a  volume  of  letters,  which  is  still  a  very  popu- 
Itt  book  with  the  lower  orders  in  Scotland.     His  talents  having 
marked  him  out  as  one  of  the  foremost  among  the  Scottish  divines, 
^  vaa  aent  by  the  Scottish  Assembly  to  that  of  Westminster  in 
1643,  along  witii  Henderson,  Gillespie,  and  others.    He  took  a  lead- 
ing part  in  its  proceedings,  and  especially  in  the  controversy  between 
^  Pieabyterians  and  the  Independents,  to  which  he  contributed  a 
paUication  which  earned  for  him  the  sarcastic  lines  I  have  quoted. 
It  nuty  be  as  well,  however,  before  I  draw  attention  to  this  work, 
to  look  for  a  moment  at  the  surrounding  circumstances  in  which  it 
^  composed,  which  were  not  without  a  material  influence  on  the 
^^I^ns  expressed  in  it     For  this  purpose  I  would  withdraw  your 
^^^^nkion  for  a  moment  from  the  author  and  his  work,  and  fix  it  on 
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the  position  of  the  Westminster  Assembly  in  1644,  as  graphically 
described  in  Baillie's  ''Letters." 

These  letters  of  Baillie,  apart  from  the  object  for  which  I  refer  to 
them  noWy  are  a  perfect  mine  of  historical  anecdote  at  a  veiy 
critical  time.  Baillie  was  Principal  of  the  University  of  Glasgow; 
he  wrote  well,  and  was  apparently  a  great  correspondent  These, 
his  familiar  letters,  contain  many  amusing  descriptions  of  the  im- 
pressions made  on  him  by  English  institutions  and  manners.  I 
stumbled  on  a  passage  of  some  interest  in  the  present  day.  He 
says,  writing  in  1644,  ''The  heat  and  clamorous  confusion  of  the 
Assembly  is  ofttimes  greater  than  with  us, — ^the  reason  1  think  is 
their  way  both  in  Assembly  and  Parliament,  to  divest  the  speaker 
and  prolocutor  of  all  authority,  and  turn  them  into  a  very  and  mere 
Chair,  as  they  call  them,"  an  inconvenience  which  it  seems  two 
centuries  and  a  half  have  not  altogether  removed.  In  another  place 
he  says  that  he  finds  the  English  a  strange  people,  in  wishing  to  be 
different  from  any  other  nation.  In  the  midst  of  their  labours  on 
the  Confession  and  the  Catechism,  the  great  grievance  of  the  domi- 
nant Presbyterian  party,  was  the  pretensions  of  the  Independents. 
They  wanted,  forsooth,  to  be  tolerated,  a  thing  not  to  be  thought  of. 
It  is  in  his  capacity  of  a  champion  of  that  party  that  Cromwell 
first  appears  on  the  scene,  and  greatly  does  he  trouble  the  worthy 
Principal's  repose.  He  cannot  disguise  from  himself,  and  lus  cor- 
respondents, that  he  is  an  able  man«  "  The  man,"  he  says  "  is  a 
very  wise  and  active  head,  universally  well  beloved  as  religious  and 
stout " — ^but  he  cannot  forgive  him  lus  ^independency.  He  grudges 
him  every  battle  he  wins  for  the  parliament.  At  the  battle  of 
Kaseby,  he  recounts  with  undisguised  glee  that  Prince  Eupert  made 
"  the  Independent  Colonels  Pickering  and  Montague  flee  like  men," 
as  he  expresses  it ;  and  while  he  tells  with  some  triumph  of  Crom- 
well's victory,  he  cannot  resist  the  reflection — "  Some  fears  the  inso- 
lence of  others,  to  whom  alone  the  Lord  has  given  the  victory  of 
that  day."  It  is  plain  that  even  then  Cromwell  had  distinctly 
indicated  his  own  democratic  views.  Speaking  of  the  mi8unde^ 
standing  between  the  Earl  of  Manchester  and  Cromwell,  which 
occurred  about  this  time,  Baillie  says,  "  Always  my  Lord  of  Man- 
chester has  cleared  himself  in  the  Lords,  and  hath  recriminate 
Cromwell  as  one  who  has  avowed  his  desire  to  abolish  the  nobility 
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of  England,  and  has  threatened  to  make  a  party  of  sectaries,  to 
extort  by  force,  both  from  King  and  Parliament,  what  conditions 
they  thought  meet" 

So  stood,  during  the  lifetime  of  Charles,  the  controversy 
between  the  Presbyterians  and  the  Independents  in  the  English 
parliament)  when  the  treatise  of  which  I  now  speak  was  written. 

It  was  first  printed  in  1644.     It  is  written  in  good,  nervous, 

Temacolar  English,  and  is  evidently  the  work  of  a  man  of  learning 

and  coltura     Bishop  Burnet  sneers  at  the  attainments  of  the  Scots 

delegates  Henderson,  Rutherford,  and  Gillespie,  but  there  is  no 

doubt  tbey  were  men  of  mark  in  an  assembly  which  boasted 

Selden  as  one  of  their  number.     This  treatise  is  full  of  traces  of 

extenaiTe  erudition ;  somewhat  overlaid  with  quotation  and  example 

from  ancient  authority,  as  the  fashion  of  the  time  was;  but  the 

stjle  IB  dear  and  manly,  and  the  continuity  of  the  reasoning  well 

sustained.     The  author,  although  without  much  acknowledgment, 

foDowB  the  line  of  Buchanan,  as  the  next  and  more  famous  treatise 

Mows  largely  the  illustrations  of  Eutherf ord.     The  work  professes 

to  be  a  leply  to  a  pamphlet  by  Maxwell,  the  deposed  Bishop  of  Ross, 

in  which  he  undertakes  to  establish  the  divine  right  of  kings,  and 

the  unlawfulness  of  resistance  on  the  part  of  the  people.     Maxwell 

entitles  it  *' Sacro-sancta  Eegum  Majestaa."      I  of  course  do  not 

inean  to  follow  Rutherford  through  his  demonstration.     My  main 

object  IB  to  show,  that  in  proving  that  law  is  king,  the  author  had 

m  view  throughout  the  true  constitutional  principle,  as  we  now 

understand  it,  and  gives  his  vote,  with  no  uncertain  sound,  for 

King,  Loids,  and  Commons.     One  or  two  quotations  from  his  work 

will  place  this  beyond  question.     He  says  in  one  passage, ''  Power 

snd  absolute  monarchy  is  tyranny,  unmixed  democracy  is  confu- 

noQ,  ontempered  aristocracy  is  factious  dominion."    And  when  he 

^OKs  to  consider  the  question  which  he  propounds  '*  Whether 

^'^^i&vchy  be  the  best  of  governments,"  he  thus  resolves  it — 

'^  Nothing  more  unwillingly  do  I  write  than  one  word  of  this 
^MoD.  It  is  a  dark  way ;  circumstances  in  fallen  nature  make 
^^  to  be  Ate  e/  ntmc  evil,  though  it  appears  to  me  probable  that 
loouaichy  in  itself,  monarchy  de  jure,  that  is,  lawful  and  limited 
moutichy,  is  beat  even  now,  if  other  circumstances  be  considered." 
^ken,  after  illustrating  various  views  of  this  proposition,  he  thus 

YOL  XL  u 
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sums  up : — ''  Every  govemment  hath  something  wheiein  it  is  best 
Monarchy  is  honourable  and  glorious-like  before  men ;  aristocracy 
for  counsel  is  safest  3  democracy  for  liberty,  and  possibly  for  riches 
and  gain,  is  besf  *'  A  limited  and  mixed  monarchy,  such  as  is 
in  England  and  Scotland,  seems  to  me  the  best  government,  when 
parliaments,  with  the  king,  have  the  good  of  all  the  three.  The 
government  hath  glory,  order,  xmity,  from  a  monarch;  from  the 
government  of  the  wisest  it  hath  safety  of  counsel,  stability,  and 
strength;  from  the  influence  of  the  commons  it  hath  liberty, 
privileges,  promptitude  of  obedience." 

These  quiet,  well  chosen,  moderate  words  contain  the  first  enuncia- 
tion, as  far  as  I  know,  in  the  English  language,  of  the  true  estimate 
of  the  British  Constitution.  Written  as  it  was,  when  the  king  of 
England  was  at  war  with  the  parliament,  the  clear  good  sense  of 
the  Scottish  divine  brushed  away  the  numberless  fallacies  by  which 
the  daily  round  of  political  life  was  then  beset,  and  moved  neither 
by  divine  right,  or  theocracy,  or  republicanism,  announced  in  these 
unfaltering  words  the  doctrine  which  was  to  raise  Britain  among 
the  nations. 

What  part  the  early  dawnings  of  Cromwell's  ambition  played  in 
inciting  Eutherf ord  to  this  demonstration,  we  can  hardly  tell ;  but 
so  it  is  that  while  Scotland  sounded  the  first  note  of  resistance,  she 
never  was  republican.  Eutherford's  book,  like  Buchanan's,  was, 
after  the  Eestoration,  condemned  to  be  burnt  by  the  hands  of  the 
common  hangman ;  and  he  himself  only  escaped  punishment  by  his 
supervening  deatL 

Of  the  work  itself,  Bishop  Guthrie  says,  that  "  every  member  of 
the  Westminster  Assembly  had  in  his  hand  that  book  lately 
published  by  Mr  Samuel  Eutherford,  which  was  so  idolised  that 
whereas  Buchanan's  treatise  ^De  Jure  Eegni  apud  Scotos'  was  looked 
upon  as  an  oracle,  this  coming  forth,  it  (Buchanan's)  was  slighted 
as  not  anti-monarchical  enough,  and  Eutherford's  '  Lex  Eex'  only 
thought  authentic." 

In  regard  to  the  views  of  the  Scotch  Presbyterians  and  the  English 
Independents,  it  has  been  too  little  considered  that  these  different 
schools  of  thought  arose  from  different  roots.  The  Presbyterian 
opinions  were  those  of  the  successful  Eeformers,  the  Independents 
reflected  those  of  the  persecuted  Puritans.     There  was  no  tinge  of 
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lepablicanism  in  the  polity  of  Knox^  while  the  oppressions  of 
Hizabeth  in  England  were  never  forgotten 

But  subsequent  events,  and  the  progress  of  opinion,  soon  threw 
Kutherford'B  ample  and  manly  tenets  into  the  shade.  Five 
yeais  afterwaids  came  the  trial  and  death  of  the  king^  an  event 
which  shook  European  society  to  its  centre,  and  threw  round  the 
principle  of  absolute  monarchy  a  tinge  of  romance  and  sentiment 
not  yet  extinct  True  to  the  principles  of  monarchy,  and  by  no 
means  sympathising  with  the  more  advanced  opinions  of  the 
Independent  party,  Scotland,  on  the  king's  death,  had  proclaimed 
Chades  IL  But  in  England  the  Commonwealth  arose  on  the 
roins  of  the  monarchy,  and  the  absolutist  and  republican  elements 
confronted  each  other  in  a  war  of  words  which  rang  throughout 
Eorope.  In  the  midst  of  the  excitement  and  consternation  which 
&e  proceedings  of  the  English  parliament  had  produced,  two 
champions  stepped  into  the  lists  who  drew  the  eyes  of  all 
onlookers.  One  was  a  Frenchman  of  the  name  of  Saumaise,  or 
SahnasiuB,  according  to  his  Latinised  patronymic;  the  other  was 
John  Milton,  Cromwell's  secretary,  and  the  author  of  the  '^  Paradise 
Lost" 

Jean  Saumaise  was  a  professor  at  Leyden,  and  was  attached  to 
the  court  of  Queen  Christina  of  Sweden.  He  had  the  reputation 
of  being  the  most  learned  man  in  Europe ;  and  notwithstanding  the 
fantic  personalities  of  the  controversy  which  ensued,  undoubtedly 
^Itterred  his  fame.  He  was  originally  a  barrister,  but  ultimately 
ponaed  the  avocation  of  a  grammarian  and  schoolmaster.  In 
1749  and  1750  he  was  in  great  ropute,  and  Charles  IL,  when  a 
fugitive  abroad,  retained  him  to  write  a  treatise  in  defence  of  the 
late  king,  and  gave  him  a  honorarium — I  suppose  a  considerable 
*^  in  those  days — of  a  hundred  Jacobuses. 

This  famous  work  was  published  in  1649,  the  year  of  the  king's 
^^  It  18  entitled,  "Defensio  Regia  pro  Carolo  Prime,  ad 
Sereoissimum  Magn^  Britannise  Begem  Carolum  Secundum,  Filium 
itttn  nugorem,  Heredem  et  Successorem  legitimum.  Sumptibus 
^IQs."  Such  is  the  title  page.  I  quote  the  title  page  for  a  reason 
^hich  will  immediately  appear. 

1  have  no  intention  of  travelling  through  this  bulky,  but  with 
^  at  least,  forgotten  voluma    The  tenets  which  it  advocates  are 
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those  of  the  highest  snpporters  of  the  doctrine  of  divine  right, 
enforced  by  the  same  arguments,  analogies,  and  illustrations  as  fhoee 
to  which  Buchanan  replied,  and  almost,  in  some  instances,  in  the 
very  words  which  Father  Maxwell,  Rutherford's  opponent,  YaA  used. 
But  Salmasius  in  two  respects  earned  the  greater  and  almost 
solitary  celebrity  which  his  work  attained.  In  the  first  plaee,  it 
cannot  be  denied  the  praise  of  flowing  and  el^ant  Latinity,  and  a 
lively  vivacity  of  styla  Hobbes  of  Malmesbury  said  of  it  and  of 
Milton's  reply,  that  it  was  hard  to  determine  which  of  them  wrote 
best,  or  reasoned  worst.  It  is  worthy  of  a  great  scholar,  and 
indicates  a  keen  penetrating  judgment  It  is,  of  course,  the  work 
of  an  advocate,  evincing  no  knowledge  whatever  of  the  true  science 
of  government,  but  the  advocate  is  clever  and  not  undignified. 
But  doubtless  the  book  would  never  have  commanded  the  attention, 
or  produced  the  excitement  which  followed  it,  apart  from  the 
startling  and  tragical  circumstances  which  called  it  forth. 

It  is  far  from  the  province  of  this  paper,  and  would  be  enfiiely 
out  of  place,  if  I  were  to  enter  or  express  any  opinion  on  that 
remarkable  event.     Scotland  was  no  party  to  it.     Looking  back 
from  our  present  point  of  view,  there  is  probably  little  di£Eerenoe  of 
opinion  on  its  political  and  moral  character.    At  the  time  it 
produced  a  shock  in  every  court,  or  political  circle,  or  intelligeni 
community  in  Europe,  such  as  no  public  event  had  ever  caused 
previously.     From  treating  a  king  as  a  divine  vicegerent,  ani^ 
treating  him  as  a  culprit  at  the  bar  of  his  subjects,  there  was  Okf 
course  a  wide  chasm.     But  this  bold  and  audacious  prooeedixx^ 
startled  and  shocked  even  the  advanced  statesmen  of  that  day,  kx^4 
gave  to  sentiments  and  opinions,  which  might  have  passed  Icr 
platitudes  or  extravagance,  an  importance  and  acceptance  they  coiild 
not  otherwise  have  commanded.     Carlyle,  in  his  own  singular  l>nt 
expressive  language,  expresses  the  general  effect  on  society:     **  1^ 
did  in  effect,"  he  says  in  his  "  Letters  and  Speeches  of  CromweH" 
"strike  a  damp  into  the  heart  of  Flunkeydom  throughout  i^ 
universe."    Hence  the  indignant  periods  of  Salmasius,  couched  m 
the  elegant  language  of  learning,  at  that  period  created  an  immeon 
sensation,  and,  as  may  be  supposed,  in  England,  then  under  m 
Commonwealth,  no  little  resentment 

MUton,  who  at   that  time  was  acting  as   CroBiweU'i  I^^ 
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seeretaiy,  was  selected  to  prepare  a  reply.     He  performed  his  task, 

alihough  delayed,  as  he  himself  explains,  by  the  state  of  his  health ; 

ttd  in  1651  he  published  his  **  Defensio  pro  populo  Anglicano/'  in 

leply  to  SalmasiTis.     Whatever  were  the  intrinsic  merits  of  his 

woii,  en  whatever  the  temper  of  the  times  in  1649,  when  the 

tagedy  was  recent,  two  years  had  elapsed,  and  Milton's  essay  was 

by  imiyersal  consent  admitted  to  have  the  best  of  it.     Bayle  says  of 

it  that  it  made  Milton  spoken  of  throughout  the  whole  world  by 

enraiyoiie.    Europe  was  probably  unconvinced,  but  it  was  amused. 

Itlatighed,  if  it  did  not  assent     Queen  Christina  herself  joined  in 

the  general  enjoyment  of  the  pungent  and  effective  retort,  and 

looked  coldly  on  her  discomfited  protegd     The  book  is  now  unread 

ttid  foigotten,  but,  as  I  pointed  out  the  other  evening,  Bayle  in  his 

"Dictionary"  mentions  Milton  as  the  opponent  of  Salmasius,  as  if 

that  were  his  chief  and  almost  his  only  title  to  a  place  in  his  work. 

Kevertheless,  had  we  been  to  pronounce  judgment  now  on  this 

cdebnted  tract,  putting  aside  the  political  views  maintained  and 

tended  in  it,  I  am  not  sure  that  our  verdict  would  be  the  same. 

In  point  of  reasoning  on  the  principles  of  government  it  follows 

tbe  lines,  up  to  a  certain  point,  of  Buchanan  and  Hutherford, 

bonowing  largely  from  botL     In  this  part  of  the  subject  there  is 

nothing  in  his  views  which  would  ever  have  acquired  for  him  the 

nlebiity  which  followed  him.     The  real  characteristic  of  the  treatise, 

*Qdi  as  it  is,  consists  in  the  hearty,  unrestrained,  and  amusing 

dose  which  the  author,  from  beginning  to  end,  showers  on  his 

lofcagonist  and  his  book,  and  the  diverting  use  which  he  makes  of 

Ae  sonorous  and  dignified  language  in  which  his  thoughts  are 

clothed,  as  the  vehicle  for  an  unremitting  volley  of  gibes,  sarcasms, 

^  jokes,  and  even  puns,  at  the  author's  expense. 

One  or  two  specimens  of  his  style  will  serve  to  illustrate  this 
estimate,  and  place  both  the  majestic  poet  and  the  powers  of  the 
Utin  language  in  a  novel  point  of  view.  I  quote,  for  the  most  part, 
Walsingham's  translation. 

In  his  preface  he  starts  with  the  strain  which  he  sustains,  with 
abated  spirit,  to  the  end.  After  quoting  the  title  of  his  enemy's 
^^  which  I  have  read,  he  says  : — "  You  undertake  a  wonderful 
P^  of  work,  whoever  you  are,  to  plead  the  father's  cause  before  his 
^  >on ;  a  hundred  to  one  but  you  cairy  it.     But  I  summon  you, 
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Salmasius,  who  heretofore  skulked  under  a  wrong  name,  and  now 
go  hy  no  name  at  all,  to  appear  hefore  another  tribunal,  and  before 
other  judges,  when  perhaps  you  may  not  hear  those  little  applauises 
which  you  use  to  be  so  fond  of  in  your  own  school"  Then,  going 
to  the  foot  of  the  title-page,  he  finds  ^^Sumptihv^  Eegiis"  on  which 
he  goes  ofif : — **  At  the  king^s  charge.  O  mercenary  and  chargeable 
advocate  !  Could  you  not  afford  to  write  a  defence  for  Charles  the 
father,  whom  you  pretend  to  be  the  best  of  kings,  to  Charles  the 
son,  the  most  indigent  of  all  kings,  but  it  must  be  at  the  poor 
king's  charge  1  But  though  you  are  a  knave,  you  would  not  make 
yourself  ridiculous  in  calling  it  the  king's  defence ;  for  you  having 
sold  it,  it  is  no  longer  yours,  but  the  king's  indeed ;  who  bought  it 
at  the  price  of  a  hundred  Jacobuses — a  great  sum  for  a  poor  king  to 
disburse.  I  know  very  well  what  I  say,  and  it  is  well  known 
enough  who  brought  the  gold,  and  the  purse  wrought  with  beads. 
We  know  who  saw  you  stretch  out  greedy  fists  under  pretence  of 
embracing  the  king's  chaplain  who  brought  the  present;  but, 
indeed,  to  embrace  the  present  itself,  and  by  accepting  it,  to 
exhaust  almost  the  king's  treasury." 

*'  But  now  the  man  comes  himself — the  door  creaks — ^the  actor 
comes  on  the  stage." 

In  this  strain  of  personality,  badinage,  and  abuse,  he  continues 
to  the  end;  not  dignified  certainly,  but  the  Latin  dress  takes 
somewhat  off  its  scurrility.  He  has  one  or  two  stock  subjects 
of  allusion.  One  is  that  Salmasius  has  a  termagant  wife.  In 
Salmasius'  work  he  quotes,  as  Father  Maxwell  had  quoted^  the 
example  of  the  lower  animals  in  favour  of  absolute  monarchy : — 
'^  The  bees  have  a  king  over  them,  the  bees  of  Trent  you  mean ; 
do  you  remember)  All  other  bees  you  yourself  confess  to  be 
Commonwealths."  '^£ut  leave  off  playing  the  fool  with  bees — 
they  belong  to  the  muses,  and,  you  see,  confute  such  a  beetle  as  you 
are."  "Now  you  begin  to  be  personally  concerned.  'Gallus 
Gallinaceus,'  you  say,  ^has  both  cocks  and  hens  under  him.' 
How  can  that  be)  since  you  who  yourself  are  Callus"  (a  Frenchman) 
"  by  report  cannot  govern  your  own  single  hen,  but  let  her  govern 
you."  Again : — "  I  will  throw  you  a  great  many  barleycorns,  if 
in  ransacking  this  dimghill  book  of  yours  you  can  show  me  but 
one  jeweL    But  why  should  I  promise  you  barley,  that  never 
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pecked  at  com,  as  that  honest  plain  cock  that  we  read  of  in  iEso}5, 
kt  at  gold,  as  that  roguey  cock  in  Plautus,  though  with  a  diferent 
event,  for  you  found  a  hundred  Jacobuses,  and  he  was  struck  dead 
with  Euclid's  club,  which  you  deserve  more  than  he  did." 

These  hundred  Jacobuses  crop  up  perpetually.  Salmasius  says, 
'*  Betwixt  the  two  extremes  of  kingly  power  there  are  three  more 
temperate  species  interposed,  as  there  lie  three  zones  betwixt  the 
torrid  and  the  frigid."  "  Pretty  rogue !"  says  Milton,  "  what 
ingenious  comparisons  he  always  makes  us ;  may  you  for  ever  be 
banished  whither  you  condemn  an  absolute  kingdom  to  be,  that  is 
to  the  frigid  zone,  which,  when  you  are  there,  will  be  doubly  cold." 
And  so  he  discusses  these  zones  to  the  end  of  the  chapter,  which  he 
ends  thus: — "You  deny  that  there  was  any  light  in  Moses' 
heaven  before  the  sun ;  and  in  Aristotle's  you  make  three  temperate 
lonesL  How  many  zones  you  observed  in  that  golden  and  silken 
heaven  of  the  king's  I  know  not,  but  I  know  you  got  one  zone 
(punning  on  the  Latin  word) — a  purse — well-tempered  by  a 
hundred  golden  stars,  by  your  astronomy." 

It  is  difficult  in  translation  to  give  the  full  effect  of  these  gibes 
as  they  appear  in  the  Latin  version,  although  Walsingham's  render- 
uig  18  very  faithful  and  spirited ;  what  I  have  given  may  serve  as 
a  specimen.  The  book  is  full  of  them ;  some  more  humorous,  but 
leas  decorous ;  and,  in  short,  it  is  the  last  book  one  would  have 
sapposed  to  have  been  written  by  the  author  of  the  "  Paradise 
^"    Of  course,  by  what  I  have  said,  it  may  be  inferred  Milton 

• 

M  not  satisfied  with  refuting  the  theory  of  divine  right,  but  justifies 
the  action  of  the  nation  in  abolishing,  not  the  monarchy  only,  but 
^  House  of  Lords  also.  But  had  he  foreseen  that  his  book  would 
iM)t  be  many  years  in  print  before  the  government  of  this  country 
▼oold  be  more  absolutely  in  the  hands  of  one  man,  and  that  man 
his  own  master,  than  it  ever  was  in  those  of  the  monarchs  he 
condemns,  it  might  somewhat  have  tempered  the  profound  admira- 
^  he  expresses  for  the  great,  and,  as  he  thought,  permanent 
^ork  which  he  attributes  to  the  English  people* 

One  other  passage  he  has  worth  my  alluding  to.  Salmasius  says 
^  "the  Presbyterians  may  justly  challenge  the  glory  of  its 
"^8"uung  and  progress  "  (referring  to  the  execution  of  the  king). 
"Hail  ye  Presbyterians,"  says  Milton,  "  what  good  has  it  done 
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you  ?  How  is  your  innocence  and  loyalty  the  more  cleared  by  your 
seeming  so  much  to  abhor  the  putting  of  the  king  to  death?  Tou 
yourselves,  in  the  opinion  of  this  everlasting  talkative  advocate  of  the 
king,  your  accuser,  went  more  than  half-way  towards  it.  Woe 
be  to  you,  in  the  first  place,  if  ever  Charles  or  his  posterity  recover 
the  crown  of  England;  assure  yourselves  you  are  like  to  be 
placed  in  the  black  list."  He  was  not  far  wrong;  but  our  friend 
Principal  Baillie  retained  till  the  Eestoration  his  ancient  grudge 
against  the  Independents,  and  all  their  doings.  He  welcomes 
Charles  IL,  in  1661,  in  words  in  which  we  hardly  recognise 
the  original  "  The  king,  in  moderation,  wisdom,  piety,  and  grave 
carriage,  giving  huge  satisfaction  to  all,"  and  takes  his  last  leave  of 
the  Independents  and  our  author,  with  this  rather  malignant 
chuckle,  *^It  was  but  the  justice  of  God,  to  disgrace  the  two 
Groodwins,  blind  Milton,  Owen,  Norris,  and  others  of  that  maleficient 
crew." 

I  need  not  follow  the  fate  of  this  controversy  or  the  combatants 
farther.  The  dispute  did  not  stop  there;  nor  was  the  event 
fortunate  for  either.  Milton  lost  his  sight  shortly  afterwards  in 
some  measure  from  his  labours  in  this  cause.  Salmasius  lost  both 
reputation  and  favour,  and  died  within  two  years.  The  war  of 
words  was  carried  on,  and  Milton  had  to  make  another  rejoinder  to 
more  ignoble  antagonists,  imtil  the  conflict  degenerated  into  the 
lowest  personal  abuse. 

As  an  example  of  Milton's  power  over  the  language  he  wielded, 
his  *^  Defensio  "  is  worthy  of  the  highest  praise.  It  is  not  the  com- 
position of  a  man  who  thought  in  Latin,  as  Buchanan  did ;  and 
possibly  Salmasius,  who  writes  gravely,  was  more  severely  classicaL 
But  Milton's  power  of  Latin  expression,  for  ease  and  ductility,  is 
something  wonderful,  and  proves  a  familiarity  with  all  moods  of 
the  language  which  few  have  ever  excelled.  "^ 

The  following  anecdote,  which  I  take  from  Todd's  preface  to 
Milton's  works,  is  worthy  the  attention  of  scholars.    Ellwood,  the 

*  "  The  Swedish  ainbaBsador  again  complained  of  delay  in  his  busineai,  and 
that  when  he  had  desired  to  have  the  articles  of  this  treaty  pnt  into  Latin 
according  to  the  custom  for  treaties,  that  it  was  fourteen  days  they  made  him 
stay  for  that  translation,  and  sent  it  to  one  Mr  Milton,  to  pat  them  into 
Latin."    (Whitelocke,  p.  645,  *'  Minutes  of  the  House  of  Commons.") 
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qoaker,  acted  as  his  leader  after  his  blindness,  and  says : — ''  At  my 
fint  ntting  to  him,  observing  that  I  used  the  English  pronunciation, 
lie  told  me  if  I  would  have  the  benefit  of  tiie  Latin  tongue,  not 
only  to  understand  and  read  Latin  authors,  but  to  converse  with 
foragneiB,  abroad  or  at  home,  I  must  have  the  foreign  pronuncia- 
tioii,''  and  accordingly  Milton  proceeded  to  teach  him  what  I  fancy 
oar  old  ffigh  School  misters  taught  U8-**«  striking  testimony  from  so 
gnat  a  master  of  the  langoaga 

Altogether  Uiis  treatise,  of  which  I  now  take  my  leave,  does  not 
w  to  the  height  of  the  great  argument,  clever  and  entertaining  as 
it  ia.  One  or  two  noble  sentiments  in  praise  of  liberty  are  to  be 
fomd  scattered  up  and  down  its  pages ;  and  its  power  is  undeniable, 
in  its  own  style,  but  it  is  captious  and  hypercriticaL  Butler,  who 
wai  a  strong  royalist,  was  not  without  reason  when  he  wrote  :-* 

"  Some  polemics  use  to  draw  their  eworda 
Agunat  the  hngnage  only,  and  the  words, 
As  he  who  fought  at  barriers  with  Salmasios, 
Engaged  with  nothing  bat  his  style  and  phrases, 
Waived  to  assert  the  murder  of  a  prince, 
The  author  of  false  Latin  to  convince." 

FortoDately  Milton's  mighty  name  rests  on  a  more  enduring  and 
fioner  pedestal  Tet  in  this  work  we  may  see  combined  his  love 
fo  those  two  companions  of  whom  he  says : — 

**  In  thy  tight  hand  lead  with  thee 
The  mouotain  nymph*  sweet  Liberty, 
And  if  I  give  thee  honour  due, 
Mirth,  adroit  me  of  thy  crew/' 

I  must,  however,  try  to  draw  this  essay  to  a  conclusion.  There 
were  pnbliahed  about  this  time  two  other  political  treatises  of  some 
•clelrity — the  first  Hobbes's  "Leviathan,"  and  the  second,  Harring- 
^'a  political  romance,  entitled  ** Oceana."  But  I  do  not  stop  to 
^jze  them,  because  their  views  are  too  fanciful  for  practical  afiairs. 
Hobbea  would  have  none  of  the  democratic  element  Democracy, 
^  maintained,  had  not  oven  the  merit  of  being  the  government  of 
^  many,  but  was  merely  the  government  of  half-a-dozen  orators. 
^Aoington,  on  the  other  hand,  is  all  for  a  Commonwealth ;  and  he 
sketches  in  considerable  detail,  and  with  great  ingenuity  and 
Kuteoess,  his  ideal  constitution  for  ''Oceana."  One  peculiarity  of  it 
was  that  the  elections  were  to  be  taken  by  ballot     His  book  was 

VOL.  XI.  X 
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published  daring  the  Protectoiate,  and  dedicated  to  CiomwelL 
But  I  pass  on  to  the  last  on  my  list,  Algernon  Sydney's  ^Treatise  on 
Government/'  and  a  few  words  on  that  work  will  bring  my  remarks 
to  a  close, 

Algernon  Sydney,  the  second  son  of  the  Earl  of  Leicester,  as  we 
all  know,  was  one  of  the  last  victims  of  political  oppression  before 
the  Revolution.  He  was  convicted  of  accession  to  the  Kyehouse 
plot,  and  executed  in  1683.  He  had  been  a  strong  opponent  of 
Cromwell's  tyranny,  and  whatever  his  complicity  in  the  alleged  plot 
may  have  been,  there  can  be  no  doubt  of  the  iniquity  of  his  trial 
and  sentence,  which  was  solemnly  reversed  by  parliament  after  the 
Eevolution.  But  my  only  concern  at  present  is  with  his  contribu- 
tion to  the  constitutional  idea  or  principle. 

The  discourses  on  government  were  not  published  until  five  years 
after  Sydney's  deatL  They  were  written  in  opposition  to  the 
views  of  a  royalist  writer.  Sir  E.  Filmer,  a  defender  of  absolute 
monarchy,  and  of  the  doctrine  that  kings  are  above  the  law.  Sir 
R  Filmer's  tracts  were  published  anonymously  in  1652,  and  this 
series  of  discourses  by  Algernon  Sydney  probably  was  written  some 
years  afterwards.  It  shows  a  great  advance  towards  maturity  in 
the  thoughts  and  opinions  of  men  on  these  important  topica  The 
collision  of  published  thought,  and  still  more  the  irresistible  logic 
of  events,  had  done  much  to  dispel  many  visionary  and  enthusiastic 
tenets.  The  country  had  seen  the  doctrine  of  divine  right  develop 
into  general  revolt  They  had  seen  the  republican  spirit  of  the 
Independents  develop,  by  a  rapid  transition,  into  military  despotism 
of  the  most  arbitrary  kind.  It  was  time  to  profit  by  the  lessons  of 
experience,  and  to  fall  back  on  less  excited  and  more  moderate 
counsels.  This  work  of  Algernon  Sydney  is  a  philosophical, 
thoughtful,  practical  work.  Take  it  altogether,  it  is  the  best  of  the 
series ;  and,  while  it  combats  with  great  learning  and  power  the 
dogmas  of  Sir  R  Filmer,  breathes  a  tone  of  reflective  moderation 
which  contrasts  strongly  with  the  subacute  excitement  which 
pervades  the  others. 

The  exhaustive  table  of  contents  which  is  prefixed  to  his  volume, 
containing  the  heads  of  his  discourse,  furnishes  a  very  clear  analysis 
of  the  principles  contained  in  it.  I  extract  one  or  two  of  them,  which 
indicate  the  colour  of  the  whole. 
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Chap.  iL,  Sec  16.  The  beet  govemments  in  the  world  have  been 
compoeed  of  monarchy,  aristocracy,  and  democracy. 

Chiip.  ii,  Sec  28.  Men  living  under  popular  or  mixed  govemments 
are  moie  careful  of  the  public  good  than  in  absolute  monarchies. 

Chap.  iL,  Sec  30.  A  monarchy  cannot  be  well  regulated,  unless 
the  powers  of  the  monarch  are  limited  by  law. 

Chap.  iiL,  Sec  37.  The  English  government  was  not  ill  consti- 
tated ;  the  defects  more  lately  observed  proceeding  from  the  change 
of  numners,  and  the  corruption  of  the  times. 

On  the  form  of  government  he  says  under  the  first  head : — 

''As  for  democracy,  I  believe  it  can  only  suit  with  the  conveni- 
ence of  a  small  town,  accompanied  by  such  circumstances  as  are 
Kidom  found.  But  this  no  way  obliges  men  to  run  into  the 
other  extreme,  inasmuch  as  the  variety  of  forms  between  mere 
demociacy  and  absolute  monarchy  is  almost  infinite ;  and  if  I  should 
undertake  to  say  there  never  was  a  good  government  in  the  world 
that  did  not  consist  of  the  three  simple  species  of  monarchy, 
ttistociacy,  and  democracy,  I  think  I  might  make  it  good." 

^' On  the  other  side,  in  a  popular  or  mixed  government  every  man 
is  concerned ;  every  one  has  a  part,  accoiding  to  his  quality  or 
inerit  All  changes  are  prejudicial  to  all;  whatsoever  any  man 
conodyes  to  be  for  the  public  good,  he  may  propose  it  in  the 
magistracy,  or  to  the  magistrate;  the  body  of  the  people  is  the 
public  defence ;  the  advantages  of  good  success  are  communicated 
to  all,  and  every  one  bears  a  part  in  the  losses.  This  makes  men 
generous  and  industrious,  and  fiUs  them  with  love  to  their  country.'' 

This  is  well  thought  and  expressed.  One  quotation  more  on  the 
English  constitution  will  end  this  paper. 

"  Our  ancestors  may  evidently  appear  not  only  to  have  intended 
^dl,  but  to  have  taken  a  right  course  to  accomplish  what  they  in- 
tended. Taking  our  affairs  at  the  worst,  we  shall  soon  find  that  if 
^e  have  the  same  spirit  they  had,  we  may  easily  restore  our  nation 
^  its  ancient  liberty,  dignity,  and  happiness,  and  if  we  do  not,  the 
^t  is  owing  to  ourselves,  and  not  to  any  want  of  virtue  and 
^om  in  them." 

Theae  words  have  the  true  ring.  They  were  published  in  1688, 
^  the  experience  of  two  centuries  of  great  prosperity  has  con- 
ned their  sagacity. 


16^  Proceedings  of  the  Itoyal  Society 

The  following  Communications  were  read : — 

2.  On  the  Intrinsio  Muscles  of  the  Mammalian  Foot    By 

Dr  D.  J.  Cunningham. 

3.  On  the  Expansion  of  Rational  Fractions,  &c.     By  Mr 

A.  H.  Anglin. 

4.  Algebra  of  Kelationsbip.     Part  III.     By  A«  Macfarlane, 

M.A.,  D.Sc.,  F.R.S.R 

§  1.  In  my  previous  papers  on  this  subject*  I  used  the  rela- 
tionship terms,  not  in  a  representative  but  in  a  class  sense; 
for  instance,  cA  was  employed  to  denote  the  children  of  the  man 
Af  and  U  was  employed  to  denote  the  total  assemblage  of  mankind, 
or  a  limited  portion  of  that  assemblage.  I  have  found  it  usefal 
for  the  purpose  on  hand  to  analyse  these  symbols  into  their  com- 
ponent elements.  Let  IT  denote  a  man  representatively,  that  is, 
any  man,  then  mankind  is  appropriately  represented  by  ^U,  where 
2  has  its  ordinary  mathematical  meaning  of  taking  the  sum.  Also 
m  is  the  appropriate  mathematical  expression  for  the  man  who  has 
the  name  A,  and  A  standing  by  itself  is  to  be  regarded  as  a  con- 
traction for  C^.  This  notation  is  useful  where,  as  in  the  present 
case,  the  universe  of  the  investigation  is  composed  of  individuals ; 
but  since  the  universe  may  be  continuous  in  its  nature,  by  taking 
U  to  denote  t?ie  whole,  a  more  general  basis  is  given  to  the  Algebra 
of  Logic,  and  accordingly  I  adopted  that  notation  in  my  work  on 
the  subject. 

§  2.  Similarly,  let  c  denote  child  in  its  representative  sense, 
then  IfiA  denotes  all  the  children  of  A;  and  with  the  aid  of 
the  numerical  and  certain  other  symbols  we  can  express  one,  two, 
three,  &c,  children  of  il ;  or  the  only,  the  two,  the  three,  &a  (as 
the  case  may  be),  children  of  ii  ;  or  the  firsts  the  second,  &c.,  child 
oiA, 

First.  leAj  2cAy  ZcA,  &c.,  may  be  used  to  denote  a  certain  child 

*  Proc  Roy.  Soc.  £diiib,,  yoL  z.  p.  224,  and  voL  zi  pii  6. 
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of  Ay  two  cliildTen  of  A^  three  children  of  A,  and  so  on.  These 
may  be  called  partial  or  ind^nih  numbers,  as  the  first  corresponds 
to  the  indefinite  article. 

Second,  A  dot  placed  oyer  a  number  may  be  used  to  express  that 
it  IB  the  complete  number;  as  Ic^  the  only  child  of  A^  icA  the 
two  children  of  A,  These  may  be  called  complete  or  definite 
numbers  as  they  involve  the  definite  article  in  their  meaning. 

Third,  The  proper  mathematical  expression  for  the  eldest  child 
of  A  will  be  CjAf-  for  Uie  second  o^y  and  so  on. 

When  there  is  no  quantitative  symbol  attached  to  c,  the  particle 
any  18  to  be  understood. 


§3.  There  are  in  all  four  kinds  of  fundamental  relationships. 
Of  these  I  have  already  discussed  the  set  of  four  s,  o-,  rf,  8, 
denoting  respectively  the  relationship  of  a  man  to  his  father,  of  a 
man  to  his  mother,  of  a  woman  to  her  father,  and  of  a  woman  to 
her  mother ;  and  also  the  set  of  two  c,  y,  denoting  respectively  the 
relationship  of  a  person  to  his  or  her  father,  and  of  a  person  to  his 
or  her  mother.  There  is  another  set  of  two,  namely,  the  relation- 
ship of  a  man  to  his  parent,  and  of  a  woman  to  her  parent ;  and 
there  is  finally  the  relationship  of  greatest  generality,  child  of  a 
penon^  which  is  the  relationship  obtained  by  considering  c  and  y 
tt  equivalent  (Part  XL  p.  8).  Each  of  these  relationships  has  its 
appropriate  reciprocal 


§4.  Let  e  be  used  to  denote  the  relationship  of  childf  then 
c"  denotes  parent.  These  symbols,  together  with  m  and  /  to 
«xpreM  moZe  and  female  suffice  to  express  the  other  fundamental 
wlationships,  and  consequently  (with  the  aid  of  auxiliary  symbols) 
<uiy  relationship  whatever.    Thus — 


^  denotes  son  of  a  person 


^c-^  denotes  father*of  a  person 


f 

tt 

dan^^ter  of  a  person 

/-' 

If 

mother  of  a  person 

\ 

ft 

child  of  a  man 

«;' 

If 

parent  of  a  man 

'/ 

If 

child  of  a  woman 

<>- 

ff 

parent  of  a  woman 

ff. 

»» 

son  of  a  man 

If 

father  of  a  man 

.'/ 

ft 

son  of  a  woman 

-'/' 

ff 

fiither  of  a  woman 

/. 

t« 

daqghter  of  a  man 

/;' 

If 

mother  of  a  man 

/•/ 

>l 

dsQgliter  of  a  woman 

//-' 

ft 

mother  of  a  woman 
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§  5.  We  evidently  have 

that  is,  all  the  children  of  any  person  are  identical  with  all  the  sons 
of  that  person,  together  with  all  the  daughters  of  that  person. 
This  equation  may  be  written — 

ScCT-Sm-ZJC^       .        .        .        (1), 
similarly 

Sccr-Sc.+,cr     .      .      .      (2), 

and 

ScCr=2^/;.+,Cr    ..        .         .         (3). 
We  also  have 

that  is,  all  the  parents  of  a  person  are  identical  with  all  the  fathers 
of  the  person,  together  with  all  the  mothers.  Here  2  on  the  left- 
hand  side  has  the  value  2,  and  in  each  case  on  the  right-hand  side 
the  value  1.     The  equation  may  be  written 

2c"V-5«+yC-'Cr   .        .         .         (4). 
Also 

Sc"^Cr=2c"*^,t7   .        .        .        (5), 

and 

ic''U^X^je'\^jU         .        .         (6). 

§  6.  Let  us  consider  a  genus-relationship  of  the  second  order, 
such  as  grandchild.    We  have 

2ccCr-2(,cc+/^)l7.        .        .        (1), 

=  2(c.c  +  cyc)Cr      .        ,        .        (2), 

-2(,c,c  +  .c/5+/5.c +/;/;)  C;"    .        .        (3). 

Equation  (1)  expresses  that  all  the  grandchildren  of  a  person 
are  identical  with  all  the  grandsons  of  the  person,  together  with  all 
the  granddaughters  of  the  person.  Equation  (2)  expresses  that  the 
same  are  identical  with  all  the  children  of  the  sons  of  the  person 
together  with  all  the  children  of  the  daughters  of  that  person ; 
and  equation  (3)  expresses  that  they  are  identical  with  all  the  sons 
of  the  sons,  together  with  all  the  sons  of  the  daughters,  together 
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with  all  the  daughters  of  the  sons,  together  with  all  the  daughters 
of  the  daughters.  The  relationship  can  be  expanded  in  other  five 
ways  by  putting  m  or  /  after  the  last  c. 

It  is  not  impossible,  biologically,  for  certain  individuals  who  are 
present  in  the  first  group  of  equation  (3),  that  is  in  X^cjrU,  to  be 
present  also  in  the  second  group,  that  is,  in  ^j^/cU ;  and  when  we 
take  the  term  grtat-^frandchild  and  expand  it  in  a  similar  manner 
there  is  no  legal  reason  (according  to  the  English  Law)  to  prevent 
one  and  the  same  individual  from  appearing  in  two  groups.  The 
terms  are  mutually  exclusive  in  respect  of  the  relations,  but  not 
necessarily  in  respect  of  the  individuals  in  which  the  relations  exist. 
In  the  same  man  A  there  may  be  two  great-grandsons  of  B,  When 
it  is  necessary  to  denote  the  persons  in  which  the  relations  exist, 
the  Greek  y  may  be  used  instead  of  the  corresponding  c. 


§  7.  To  find  the  number  of  genus-relationships  in  the  n^  order. 
The  first  part  of  the  Table  of  such  relationships  is  as  follows : — 


Order. 

Expreanon. 

Index  Expression. 

Meaning. 

0 

I 

self 
child 

II 

66 

c 

parent 
grandchild 

ci-i 

child  of  parent 

-c 

c-i+i 

parent  of  child 

1  1 

e  e 

c  « 

grandparent 

It  will  be  observed  that  the  terms  for  any  order  are  derived  from 
^hose  of  the  preceding  order  by  first  prefixing  c,  and  secondly  by 

P'cbing  -before  each  term.     Hence  the  number  of  genus-terms 

c 

^or  the  nth  order  is  2*. 

!  B.  To  find  the  number  of  the  elementary  relationships  of  the 
»*wtfcr. 

^  nth  order  has  2*  genus-relationships.  Consider  any  one  of 
^   A  distinction  of  sex  can  be  introduced  before  each  e  or 
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c'\  and  also  after  the  term.  Hanoe^  the  number  of  differetit 
ways  in  which  a  distinction  of  sex  <ian  be  r  times  introduced  is 
equal  to  the  number  of  combinations  of  n  + 1  things  r  together.  The 
number  of  different  relationships  obtained  bj  the  expansion  of  a 
term  in  which  a  distinction  of  sex  has  been  r  times  introduced 
IB  2^    Hence,  the  number  of  terms  for  one  genus-notion  is 

l+(n  +  l)2  +  <?=ii^2«+  .  .  ,   +2-+», 

that  is,  3*+^  Hence,  the  total  number  for  the  nth  order  is  2"8*^^ 
The  number  for  the  5th  order  is  23,328. 

Cor.  1.  The  number  of  rarieties  for  the  nth  order  is  2*+*. 

Cor.  2.  The  number  of  elementary  relationships  included  in  the 

18 
first  n  orders  is  -=-(6*  -  1).     For  n  being  5  the  number  is  27,990. 

0 

There  have  been  those  who  have  conceived  the  idea  of  framing  a 
philosophical  language  (Max  MQUer, ''  Science  of  Language,"  vol  iL 
lect  2).  The  fact  that  without  going  beyond  relationahips  involv- 
ing more  than  seven  generations,  and  without  taking  into  account 
any  combination  of  relationships,  we  have  more  than  one  million 
different  elementary  relationships  in  which  two  persons  can  be  said 
to  stand  to  one  another,  may  serve  to  give  some  idea  of  the 
difficulties  inherent  in  that  task.  At  the  same  time  it  shows  how 
mathematical  analysis  can  step  in  where  ordinary  language  fails. 

§  9.  I  shall  now  state  briefly  the  properties  of  the  different  kinds 
of  symbols  required  in  this  analysis,  and  first  of  the  relationship 
symbols. 

The  order  in  which  two  fundamental  symbols  occur  in  a  relation- 
ship is  in  general  essential;  that  is,  the  symbols  are  in  general 
non-commutative  with  one  another.  Thus  rc''  is  not  equivalent 
to  c'h, 

A  relationship  is  not  altered  by  varying  the  mode  of  assodaium 
of  its  fundamental  symbols.  Thus  (c')c«c(c^),  that  is,  grand- 
child of  child  is  equivalent  to  child  of  grandchild.  Again  <^(c'^) 
=  c(e^~^),  that  is,  grandchild  of  parent  is  equivalent  to  child  of 
brother  or  of  sister  or  of  self. 

The  symbol  c  has  already  been  defined  (§  6)  in  such  a  maimer 
as  to  satisfy  the  distrilmtive  law,  and  the  symbol  y  in  such  a 
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rnsam  as  not  to  satisfy  that  law.     For  a  complete  investigation  of 
the  subject  both  symbols  are  requiied, 

§  10.  Three  kinds  of  indices  are  required ;  one  kind  to  express 
the  nninber  of  times  a  relationship  symbol  is  repeated ;  a  second 
to  express  the  number  of  times  one  genud-relationship  is  present 
in  a  compound  relationship ;  and  the  third  to  express  the  Boolian 
index  which  denotes  the  combination  of  the  same  relationship 
▼ith  itself.  The  first  of  these  may  be  called  the  order-index,  and 
the  second  the  degree-index. 

§  11.  The  Order-index, — It  follows  from  the  preceding  laws  that 
c^=c^  and  c*'"«  =  c"**^\  but  (f'*  is  not»=c'*+'. 

The  forms  to  which  (f*  can  reduce  are  c^- *>-<«-*>  (^-^Ma^w 
<*-«-(«-»  ^^^  until  one  of  the  indices  is  reduced  to  0.  It  is 
evident  that  a  relationship  of  an  odd  order,  if  reducible,  can 
ledace  only  to  one  of  an  odd  order^  and  one  of  an  even  order  only 
to  one  of  an  even  order. 

It  also  follows  from  the  preceding  laws  that  (c^)*  =  (c*)'' ;  that 
(cy-'^c^-M  .  but  that  (c'-*)"  is  not  =  c^-«*.  For  example  {c^-^ 
=c2A"^=c*"*  that  is,  grandchild  of  grandchild  of  grandparent 
= great  great  grandchild  of  grandparent.  But  (c^"^)2  =  c^-ic2-i  not 
=c^'^that  is,  grandchild  of  parent  of  grandchild  of  parent  is  not 
^uiTalent  to  great  great  grandchild  of  grandparent. 

§  12.  The  Degree-index, — The  nature  of  this  index  may  be  best 
explained  by  taking  an  example.  The  relationship  of  full  brother 
or  sister  is  compounded  of  the  relationship  of  half  brother  or  sister 
on  the  father^s  side,  and  of  half  brother  or  sister  on  the  mother's 
8ide,  and  may  be  expressed  by 

% 

1  1      1 

Here  the  introduction  of  the  vinculum  or  some  such  sign  is 
necessary  to  distinguish  the  index  of  the  degree  from  the  index  of 
^  order.  I  use  the  sign  •  to  denote  logical  combination.  The 
^^«z  ef  the  degree  is  not  the  Boolian  index  (which  satbfies  the 
law  T^sxx)^  for  the  one  quality  is  not  wholly  equivalent  to  the 

VOL  XL  Y 
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other  quality,  but  agrees  with  it  only  to  the  extent  of  being  a 
relationship  of  the  same  genus. 

§13.  PariicU  numbers, — Let  r  denote  any  relationship,  and 
N  a  partial  number ;  in  counting  NrA  each  rA  counted  most 
be  different  from  any  preceding  one  counted.  But  in  such  an  ex- 
pression as  (3  +  2)ril,  where  two  partial  numbers  are  connected 
by  + ,  it  is  not  necessary  that  each  of  the  individuals  counted  in  the 
ZrA  should  be  different  from  each  of  the  individuals  counted  in  the 
2rA,  Hence  (3  +  2)rA  is  equivalent  either  to  5ril,  or  (3  +  2-l)ril, 
or  (1  +  2'2)rA  where  the  parts  connected  are  now  exclusive  of 
one  another.  Similarly,  (3-2)rii  is  not  necessarily  equivalent 
to  Irii  ;  the  expression  is  either  irreducible  or  reducible,  and  if 
reducible  may  be  either  (2  -  l)rA  or  rA, 

A  partial  number  placed  before  a  sum  of  terms  connected  by 
the  signs  +  or  -  is  non-distributiva     For  example, 

is  best  viewed  as  meaning  that  the  children  of  the  man  A  are 
identical  with  two  children  either  of  the  woman  B  or  of  the  woman 
C,  rather  than  meaning  that  they  are  identical  with  two  children  of 
the  woman  B  together  with  two  children  of  the  woman  C,  Upon 
this  view  the  above  equation  means  that 

2«,il  =  2cjB^  or  =  ICfB  +  lc/7,  or  =  2c/7. 

§  14.  Complete  numbers, — If,  as  before,  r  denote  any  relation- 
ship, then  such  an  expression  as  (&  +  2)rA  must  be  equivalent  to 
(l  +  2'2)ril  where  the  former  2  is  a  coe£&cieni  This  follows 
because  the  sum  of  the  rA  is  three.  Similarly,  (2  -  2)rA  » IrA. 
A  definite  number  is  similar  to  an  indefinite  number  in  being 
non-distributive  .when  placed  before  a  sum  of  terms.  Thus 
3  {c/B  -\-  CfC)  means  that  the  children  of  the  woman  B  together 
with  those  of  the  woman  C7  amount  to  three. 

§  15.  The  symbol  2  expresses  any  complete  number  without 
denoting  what  the  number  is.     For  example,  the  equation 

Sc  Henry  YIIL  «  ^c  Catherine  of  Arragon  +  Sc  Anne  Boleyn 

-H  2c  Jane  Seymour, 
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is  a  less  definite  form  of  the  statement 

Jc  Heniy  VIIL  =  Ic  Catherine  of  Arragon  +  le  Anne  Bolejn 

+  Ic  Jane  Seymour. 

Urns  2  placed  before  a  sum  of  terms  is  distribntive,  bnt  its  arith* 
netical  value  changes. 

§  16.  Let  N  be  used  to  denote  any  partial  number  in  the  same 
^7  as  2  is  used  to  denote  any  complete  number.  The  simplest 
Und  of  equation  is  where  we  have  got  one  term  equated  to 
one  term.  Of  this  kind  there  are  three  forms  according  as,  1st, 
S  ocean  on  both  sides,  2d,  2  on  the  one,  and  N  on  the  other  side, 
3d,  ilT  on  both  side&     Examples  are 

6c  Edward  in.  ^  be  Philippa  of  Hainault 
3c  John  of  Gaunt,  Duke  of  Lancaster  »  dc  Blanche, 
le  Margaret  Tudor  » Ic  Archibald,  Earl  of  Angus. 

The  fiist  of  those  equations  can  be  written  in  the  form 

I  e  Edward  IIL  =  Ic  PhiUppa, 
5 

^t  is,  each  of  the  five  children  of  Edward  III.  was  a  child  of 
^ppa,  and  conversely.    The  second  can  be  written  in  the  form 

^^  of  three  children  of  John  of  Gaunt  was  a  child  of  Blanche, 
^  conveise  being  each  of  the  three  children  of  Blanche  was  a 
cbild  of  John  of  Gaunt. 

S 17.  The  next  simplest  kind  of  equation  is  that  in  which  one 
term  is  equated  to  two  terms,  as 

5c^  =  3cfB  +  2c/7 

^t  ig,  five  children  of  the  man  A  are  identical  with  three  children 
of  the  woman  B  together  with  two  children  of  the  woman  C.  This 
^nation  can  be  written  in  the  other  two  forms 

3c^«5c.4-2c,C7, 

and 

2c/7»  5c^  -  3CfB . 


170  J^oceedings  of  the  Boyai  Society 

The  rule  for  transforming  fluch  an  equation  is : — Any  symbol  may 
be  taken  from  the  front  of  one  side  provided  its  reciprocal  be  placed 
in  front  of  the  other  side;  the  reciprocal  of  the  qualification  m 
beir^  m,  and  of  i  being  f.  For  instance,  this  rule  applied  to  the 
first  form  of  the  above  equation  gives  us 

cJL  =  i  {ZcfB  +  2Cf(J) 
each  of  three  children  of  B  and  two  children  of  G  was  a  child 

Ofil. 

the  man  A  was  the  parent  of  each  of,  &c., 

A  was  the  father  of  each  of,  &c. 

§  18.   If  the  sex  symbols  preceding  and  succeeding  the  ex- 
pression c  —  are  the  same,  the  expression  may  reduce  to  1 ;  but  if 
c 

the  sex  symbols  are  different,  the  expression  cannot  reduce  to  1. 
If    the   sex   symbols   preceding   and   succeeding   the    expression 

-  c  are  the  same,  the  expression  must  reduce  to  1 ;  and  if  these 
symbols  ai^e  different  the  expression  cannot  reduce  to  1.     These 

laws  apply  to  all  states  of  society,  with  the  exception  that  ^-c^  does 

not  necessarily  reduce  to  1  in  communities  where  polyandry  pre- 
vails. 

Should  the  transformation  of  an  equation  result  in  bringing  mm 
or  jy  between  two  relationship  elements,  as  in  c,^c,  such  an  expres- 
sion is  consistent,  and  mm  is  equivalent  to  m  and  ff  to  f,  but 
should  the  transformation  result  in  bringing  mf  ot  fin  between  two 
elements,  the  expression  is  contradictory. 

§  19.  Compound  terms, — ^The  factors  in  a  compound  relation- 
ship are  commutative  with  one  another.  For  example,  the  rela- 
tionship c^A.CfB  is  equivalent  to  the  relationship  CfB.c^A.     In 
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connection  with  such  an  expression  we  have  two  kinds  of 
qnantitatiye  symbols,  Ist,  those  of  the  resultant ;  2d,  those  of  the 
components.  Thus  in  l,{c^A.c^B)  the  compound  representative 
tenn  is  first  formed,  and  then  the  sum  taken;  whereas  in 
l/i^A.'icjB  the  sum  of  each  component  is  taken  separately,  and 
then  the  sums  are  combined.  The  results  must  be  identical ;  hence 
i(c^A.CjB)=^ic^A.%e^,  The  2  of  the  resultant  is  conditioned  by 
the  S's  of  the  components  in  the  following  manner : — It  cannot 
he  greater  than  either  of  them ;  it  cannot  be  less  than  their  sum 
minus  the  2  of  217;  and  it  cannot  be  less  than  0. 

§  20.  Let  r  denote  any  relationship,  and  p   an   individual  in 
▼hich  each  a  relationship  exists  (§  6),  then 

^t7=2{7  +  »'+r+.  .  .+r  }^> 

where  the  degree-index  1  denotes  that  the  genus  relationship  occurs 
once  and  once  only  in  the  person ;  2,  that  it  occurs  twice  and  twice 
only,  and  n  that  it  occurs  as  often  as  is  physically  possible.  For 
example, 


y         ice) 


that  is,  the  brothers  and  sisters  of  any  person  are  identical  with  the 
W-hrothen  and  sisters,  together  with  the  full-brothers  and  sisters. 


=  2c2V, 


^  all  coimtiies  where  the  marriage  of  brother  and  sister  is  pro- 

luhited. 

'^  notation  gives  us  the  degree-index  0  as  the  proper  symbol  to 
express  the  negative  particle  non ;  for  it  means  that  the  kind  of 
relationship   in    question    is    not    found    at    all  in  the  person. 

^;  i  expresses  all  the  non-brothers  and  nonnsisters  of  ii  to  be 
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found  within  the  community  of  persons  consideied.  Hence  we 
have  the  following  identity : — 

For  example, 

that  is,  all  l^e  men  aie  identical  with  all  the  non-biol^ers  of  A, 
together  with  all  the  half-brothers  of  A,  together  with  all  the  full- 
brothers  of  A.    The  equation  can  also  be  written  in  the  form 

f  O 0       1 0       0 I 

X,U='%i       1        11        11        1 


» 1 1 

1      1  \ 


which  agrees  with  the  Boolian  form  of  development 

§  21.  The  biological  law  that  a  person  cannot  be  his  or  her 
own  descendant  is  expressed  by  the  equation  I'tfA^O,  where  n 
denotes  any  integer  from  1  upwards,  and  A  denotes  any  person. 
The  reciprocal  aspect  of  this  truth  is  that  l*c~M  =  0,  that  is,  a 
person  cannot  be  his  or  her  own  ancestor.  The  most  general  state- 
ment of  the  law  is  2c**.c~M  «  0,  provided  m  and  n  are  not  both  0. 
This  equation  denies  the  possibility  of  the  transmigration  of  souls, 
if  il  be  considered  to  denote  the  identity  of  soul  without  necessary 
continuity  of  body. 

§  22.  The  effect  of  the  laws  of  marriage  of  a  nation  is  to  annul 
within  that  nation  certain  compound  relationships  of  the  second 
degree.  For  example,  Sc^.c/^ii  « 0,  whoever  A  is.  This  means 
that  the  children  of  any  man  A  who  are  also  children  of  any 
daughter  of  the  man  A  are  none.  Since  A  may  be  any  man,  sub- 
stitute instead  ,^-'fB  ;  the  equation  then  becomes 
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which  means  that  a  child  of  the  father  of  any  woman  B  cannot  be 

the  child  of  a  daughter  of  the  father  of  B.    Hence  %c^-  'CyJ9aO, 

c 

that  is,  a  child  of  the  father  of  any  woman  B  cannot  be  the  child 

of  B.    And  this  equation  is  equivalent  to  the  preceding,  because 

jB  may  be  any  woman.     Again,  it  follows  from    the    original 

equation  that  2^  -c^y-  C/C^A  »  0,  that  is,  a  mother  of  a  child  of  the 

c        c 

man  A  cannot  be  a  mother  of  a  child  of  a  daughter  of  the  man, 

hence 

c  •' 
It  is  evident  from  §  18  that  an  equation  of  this  kind  can  be  trans- 
fonned  by  operating  both  in  front  and  at  the  end  of  a  factor,  and  hence 
the  following  rule  : — To  transform  a  universal  equation  tohich  has  a 
wmpound  term  of  the  second  degree  equated  to  0,  suppose  all  the 
l/mboU  brought  to  one  factor  in  accordance  toith  the  Rule  </  §  17, 
'^  renumng  a  symbol  from  the  front  gives  one  derived  equation, 
^  removing  a  symbol  from  the  end  gives  another  derived  equation, 
'^roMform  each  of  these  two  in  a  similar  manner,  then  each  of  their 
four  residtanis,  and  so  on  untU  all  the  terms  have  been  brov/jht  to 
tte  d^hiT  factor.  The  total  of  these  derived  equations  is  the  total 
w*^  of  transformaiums  of  the  given  universal  equation. 


5.  Note  on  a  Singular  Problem  in  Kinetics. 

By  Professor  Tait 

The  following  problem  presented  itself  to  me  nearly  thirty  years 
^  I  cannot  find  any  notice  of  it  in  books,  though  it  must  have 
^*cirred  to  every  one  who  has   studied   the   oscillations  of  a 

halance:— 

^  eqwd  masses  are  attached  to  the  ends  of  a  cord  passing  over 
^  'fiMh  pulley  (as  in  AttivoocFs  machine).  One  of  them  is  slightly 
^tffhedf  in  a  vertical  plane,  from  its  position  of  equilibrium.  Find 
^  nature  of  the  subsequent  motion  of  the  system. 

The  interest  of  this  case  of  small  motions  is  twofold.  From  the 
^^^^  form  of  the  equations  of  motion,  it  is  of  exceptional  mathe- 
'I'stical  difficuUy.     This  is  probably  the  reason  for  its  not  having 
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been  given  as  an  example  in  Kinetics.  Aad  from  the  physical 
point  of  view  it  presents  a  very  beautiful  example  of  exoessiyely 
slow,  but  continued,  transformation  of  mixed  potential  and  kinetic 
energy  into  kinetic  energy  alone. 

If  r  and  0  denote  the  polar  coordinates  of  the  disturbed  mass, 
we  have  (supposing  the  curvature  of  the  pulley  to  be  largo)  by 
Lagrange's  method — 

Writing  \gr  for  r,  and  6J2  for  Oj  these  become — 

Hence,  the  motion  of  the  disturbed  mass  is  the  same  as  that  of  a 
particle  of  unit  mass  under  forces  -  6^  along ,  and  -  20  perpendicular 
tOf  the  radius  vector, 

[The  work  done  by  or  against  this  system,  along  any  arc  of  a 
curve,  is  the  difference  between  the  values  of  rff^  at  its  ends.] 

Changmg  to  rectangular  coordinates  {x  vertical),  and  maintaining 
the  same  degree  of  approximation  as  before,  we  have — 

.....  >'■■' 

The  first  suffices,  without  farther  analysis,  to  show  that  the 
vertical  acceleration  of  the  disturbed  mass  is  persistently  downwards^ 
Hence,  the  result  of  the  disturbance  must  be  the  continuous  trans- 
formation of  the    mixed    potential  and  kinetic    energy,  of  th^ 
vibration  originally  given  to  the  disturbed  mass,  into  kinetic  ene 
of  translation  of  the  whole  system. 

The  equation  of  energy  is  easily  seen  to  be — 

X 


and  hero  the  term  —  has  an  infinite  series  of  successively  diminishixig 

X 

maxima. 


(tfMi%twgK  Semm  1880-81.  175 

From  some  rough  calculations  I  find  that  the  amplitude  of  y 
iBcnaaes,  but  much  moie  dowlj  in  pesoentage  value  ^than  4o^  x ; 
ao  tiiiat  &e  mayiroum  inclinatiou  of  the  vibrating  part  of  the  string 
to  the  vertical  constaniblj  diBuniahe£L 

It  would  be  interesting  to  obtain  an  approximate  solution  of  the 
i^mtioDS  (1),  and  to  compare  the  motion  of  the  vibrating  mass 'with 
ibrt  of  a  nmple  pendidum  whose  cord  %8  wUformly  lengthened.  The 
tqution  for  the  latter  case  has  been  IvlOj  treated  by  Fourier  ia  Ids 
Thhrie  de  la  Ohaleur. 

IHieii  boUi  masses  (in  ^the  original  problem)  are  simultaneoiisly 
distorbed,  it  appears  from  the  equations  of  motion  that  ^lat  mass 
wtkose  end  of  the  cord  vibmtes  ihrough  the  greater  angle  will  have 
dowuwaid  aceelerotion.  As  this  in  the  former  case  was  found  to  be 
tceompanied  by  a  dimintrlion  of  the  angle,  the  angle  of  the  ascending 
nws should  increase;  and  thus  it  would  seem  that  after  a  time  the 
downward  acceleration  will  change  sign.  Thus  (if  the  string  were 
long  enough)  the  veriicdl  motions  of  the  system  would  be  oscil- 
htoij.  But  this  curious  result  cannot  be  verified  without  pro- 
ceeding to  a  formal  approximation.  I  have  not  found  time  to  carry 
out  this  laborious  but  jiot  difficult  work. 

Another  variety  of  the  problem  is  easily  formed  by  seeking  the 
^oiflite  ratio  of  the  two  masses,  so  that  the  jnotion  shall  be  wholly 
Periodic,  with  a  period  equal  to  that  of  the  vibration  of  the 
diginrbed  mass.  This  is,  relatively  to  the  above,  a  very  simple 
question. 

BUSINESS. 

^  followiiig  candidates  were  balloted  for,  and  declared  duly 

^tedF^ows  of  the  Society.; — ^Mr  John  Home  and  Mr  B.  Neeve 

Peich. 


Monday,  2l8t  Mavck  1881, 
SiK  VTVILLE  THOMSON,  Vice-President,  in  the  Chair. 
^  following  OomnHmications  were  read : — 
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1.  The  Earthquake  of  28th  November  1880  in  Scotland  and 
Ireland.  By  Charles  Alexander  Stevenson,  B.Sc.  Edin* 
(Communicated  by  Professor  Geikie). 

In  1877,  my  father,  Mr  David  Stevenson,  communicated  to  the 
Society  a  notice  of  earthquake  shocks  in  Argyllshire  (see  Proceed- 
ings, voL  iz.)  from  observations  made  by  the  keepers  at  several 
lighthouses,  which  the  late  Dr  Bryce  undertook  to  use  in  his  in- 
tended visit  to  the  west  of  Scotland,  to  trace  the  source  of  the  earth- 
quake waves  of  1877,  an  intention  which,  however,  was  suddenly 
terminated  by  his  lamented  accidental  death  at  Inverness. 

Another  earthquake  shock,  which  visited  Scotland  and  the  north 
of  Ireland  on  the  28th  November  1880,  has  afforded  the  means  of 
acquiring  further  observations,  of  which  I  think  (in  connection  with 
those  formerly  given)  the  Society  may  consider  it  not  unimportant 
to  have  a  record  in  their  Proceedings.  These  observations,  as  com- 
municated fomi  the  lighthouse  stations,  are  in  the  following 
terms : — 

Butt  of  Lewie. — ''  On  the  28th  we  felt  a  shock  of  earthquake ;  it 
made  the  bed  I  was  lying  in  tremble.  Those  who  were  in  the  kitchen 
felt  the  shock  quite  distinctly ;  it  made  the  dishes  on  the  dresser 
ring.  It  was  also  felt  by  a  number  of  other  people  throughout  the 
parish.  There  was  a  gale  at  the  time  accompanied  by  lightning  and 
heavy  showers  of  hail  and  sleet" 

hland  Olasa. — '<  At  5.30  p.ii.  on  the  28th,  during  a  lull,  the  tower* 
received  a  severe  shock,  which  caused  the  glass  of  the  mechanical 
lamp  to  shake,  also  the  table  and  apparatua  During  the  night  of 
28th  observed  vivid  flashes  of  lightning." 

Monach. — "  On  Sunday  evening  the  28th  November,  at  5.20  P.iu, 
the  assistant,  when  on  watch  in  the  light-room,  felt  a  strange  shoclc# 
which  shook  the  tower  and  made  the  glass  on  the  lamp  rattle.    The 
motion  was  quite  different  from  what  is  caused  by  a  fierce  blast  ot 
wind.    The  motion  in  gales  is  more  of  a  rocking,  but  this  was  like  a 
shake  and  a  tremor  throughout  the  whole  building.    It  only  con- 
tinued for  a  few  seconds.     There  was  no  heavy  sea  or  lightning  or 
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thuoder  to  account  for  it,  so  that  we  can  only  sunnise  that  it  has 
been  some  shock  of  earthquake.  I  felt  it  myself  in  my  bed,  but  so 
slight  that  it  could  have  been  easily  mistaken  for  a  gust  of  wind 
rtrikiiig  the  house.'' 

Ushmisk. — ''On  the  28th,  at  5.25  p.m.,  a  slight  shock  of  earth- 
qnake  was  felt  distinctly  both  in  the  dwelling  houses  and  light-room. 
It  lasted  only  a  few  seconds.  There  was  a  lull  in  the  wind  at  the 
timei  It  made  the  tower  tremble,  making  the  lamp-glass  strike 
agamst  the  chimney,  and  several  articles  in  the  dwellinghouses 
were  shaken  at  the  same  tima" 

Kyleakuk — *'  On  the  28th,  at  5.35  p.ii.,  a  shock  of  earthquake 
was  felt  in  the  light-zoom,  causing  the  tower  to  shake  very  much, 
and  the  glsBs  of  the  lamp  to  rattle  against  the  funnel,  which  con- 
tiimed  seven  seconds.  Shock  felt  at  same  time  in  Kyleakin  village 
about  one  mile  from  the  lighthouse.'' 

Barrahead, — **  Observed  vivid  flashes  of  lightning  between  4.30 
P.1L  and  8  p.m.  on  l^e  28tL  At  a  few  minutes  before  5.30  p.m. 
the  assistant  lightkeeper  felt  the  tower  shaking  so  much  that 
CTerything  in  the  light-room  rattled  and  continued  about  a  minute. 
We  supposed  it  had  been  struck  with  lightning.  We  examined  every- 
^g  the  following  day,  but  could  find  nothing  wrong.  We  have 
^day  (2d  December)  heard  that  there  was  a  shock  of  earthquake 
felt  in  Barra,  the  same  date  and  at  l^e  same  time  that  the  assistant 
lightkeeper  felt  the  tower  shaking." 

^rdnamurchan, — "The  earthquake  of  28th  November  was  not 
^at  this  lighthousa  I  had  the  first  watch  on  the  night  of  the 
^th  Kovember,  and  I  felt  nothing  unusual  in  the  light  room,  neither 
^any  of  the  residents  at  the  station  feel  anything." 

Sound  of  Mull. — "  An  earthquake  occurred  here  on  the  28th  about 
^ Pv.  (Greenwich).  The  occasional  keeper  was  on  watch,  and  he 
"^  that  the  light-room  and  everything  in  it  shook  and  rattled. 
^  the  dwellinghouses  there  were  three  distinct  shocks  in  quick 
^'^^coasum,  accompanied  by  a  noise  as  if  a  number  of  carriages  were 
'^^'idly  driven  past.  The  noise  continued  a  few  seconds  after  the 
^hling  of  the  earth  ceased.     The  evening  was  calm  and  sultry." 
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Hynuh. — ^  On  the  28ih,  at  6  p.m.,  a  akook  of  earthqiiake  inu 
felt  here;  the  oeciUatioii  Iteing  pretty  Bticmg'  the  fthakiiig  ol  the 
housea  and  floors  being  plainly  felt  for  alkmt  thate  or  £oiur  aeoondL 
A  rumbling  noise,  as  of  distant  thunder,  was  heani  immediatBlj 
preceding  the  shock." 

8kerrpi)&re. — ''  The  lighthouse  was  visited  hjf  a  very  ahazp  shock 
of  eatthquake  on  the  28th  November,  at  5.18  p.jl  It  commenced 
wifki  a  low  rumbling  and  tf(^ling  noise  like  distant  thunder,  and  in 
a  lew  seeosnds  ineieased  to  a  sharp  r<dling.  jjBrking.  motion.  I  was 
on  watch  at  the  time,  and  observed  tiie  lamp  glass  strike  tha  fimnal 
repeatedly.  The  whole  tower  from  the  f ounds^tion  was  in  the  same 
motion.  The  first  assistant  was  in  the  kitchen  ait  the  txtas^  and  his 
description  of  the  feeling  was  the  sama  The  tbfld  keeper  was  in 
bed,  and  was  started  out  of  sleep,  but  eoixbi  nottdl  the  cmae.  We 
are  of  opinion  the  trembfing  motion  lasted  about  eight  seeonds. 
The  weather  at  the  time  was  stormy,  with  stremg  breeses  from  B.W. 
At  8.25  P.M.  observed  several  flashes  of  lightning,  but  no  thundei 
heard.  Next  day  we  looked  over  the  building,  but  couldnot  find  an^f 
damage  done.  I  may  state  that  this  is  the  fifth  shock  that  I  have 
felt  since  I  joined  the  service,  and  must  say  this  one  was  the 
sharpest  of  the  whola" 

Earraid. — '*  On  the  28th,  at  Earraid,  a  slight  shoek  of  earthquake 
was  fe£t,  and  a  rumbling  sound  for  about  two  seconds  at  or  about 
6  p.K  also  slightly  felt  on  Ion&'^ 

Dhuheartach. — ^'  At  the  rock  (Dhuheartach)  we  felt  nothing  oi 
the  shock." 

PfUadda.—'' On  the  28th,  at  6.18  p.m.  we  felt  a  shock  of  ai 
earthquake,  lasting  from  five  to  e^ht  seeonds,  both  in  the  li^^rocM 
and  dwellinghouses,  making  everything  shake  and  nM%i  The  mm 
motion  appeared  to  us  to  travel  from  W.S.W.  to  E.N.K  There  wa 
a  long  rumbling  noise  at  the  time." 

Lawlandfnan'a  Bay  (Shore  Station  for  SkervniUe  Lightbouae).— 
The  Hghtkeeper  writes : — "  My  wife  made  the  foUowing  stafcement  U 
me  on  coming  ashore  from  the  lighthouss'^-^that  on  tha  evening  oi 
the  28th,  she  felt  as  if  the  chair  on  which  she  sat  was  being  with- 
drawn from  nnder  her,  and  hearda  rumbling  noise,  the  dishes 
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ihakiDg;     Neither  I  noT  my  agaistant  were  sensitive  of  any  shock  of 
eaitbqnake  at  the  lig1ithoQaBy.but  lightDibg  was  seen  by  us  that  night." 

MacArfhuf^s  Head. — "  On  the  28th,  at  5.27  p.m.  there  occurred 

what  appeared  to  us  to  be  a  slight  shock  of  earthquake,  which  began 

with  a  trembling  motion,  which  made  the  balcony  doors  and  lighting 

apparatus  rattle,  immediately  after  which  there  was  a  peculiar  wave 

motion  from  nocth  to  south  in  the  tower,  which  lasted  a  few  seconds^ 

after  wliich  there  was  a  second  wave  motion  in  the  tower,  more 

distinct  than  the  firsts  for  a  few  aeconda     The  lightkeeper  in  bed 

also  fell  the  shock,  but  not  so  distinctly  as  the  keeper  on  watch 

There  was  no  rumbling  noise  heard  at  the  time,  but  the  metal 

shades  for  adynsting  the  red  light  on  the  Islay  side  of  the  sound 

xatOed  very  much"    The  time  observed  at  this  station  is  not 

leliahle,  as  the  clock  was  not  in  proper  adjustment 

Btmg  now  given  the  lighthouse  observations,  I  shall  give  a 
mae  statement  of  the  other  places  at  which  the  earthquake  was  ex- 
poieDeed,  the  information  for  which  has  been  acquired  from  news- 
ptpera  or  from  private  sources  : — Ness,  Stomoway,  Laxadale,  Sand- 
^nck,  Uig^  Sheshader,  Hyskeir,  Barra,  Dingwall,  Inverness,  Strome j 
ftrbree,  Kyleakin,  Loch  Duich,  Blair  AthoU,  Fort-William,  Balla- 
^nilish,  Tobermory,  Island  of  Calla,  Oban,  Dalmally,  lona,  Inver- 
^}  Callander,  Colonsay  House,  Scallasaig,  Port  Askaig,  Kilmichael, 
Kihnartine,  Foord,  Loch  Gilphead,  Caimbaan,  Loch  Gair,  Kelvin- 
side  (Glasgow),  Motherwell,  Kothesay,  Brodick  Castle,  Lamlash, 
Canipbeltown,  Ayr,  Fahan,  Ramelton,  Limavady,  Leterkenny, 
^>hoe,  Londonderry,  Strabane,  Omagh,  Belfast,  and  Armagh. 

The  following  lighthouse  stations  on  the  west  coast  of  Scotland 
cither  were  not  visited  by  the  earthquake^  or  its  effects  were  so 
slight  as  not  to  render  itself  noticeable  by  the  observers  on  watch : — 
Cape  Wrath,  Stourhead,  Stomoway,  Rona,  Isle  Oronsay,  Con-an, 
^idmunurchan,  Lismore,  Dhuheartach,  Bhuvaal,  Skervuille,  Loch- 
indaal,  Bhinns  of  Islay,  Toward  Point,  Cumbrae,  T^mlflgh^  Pladda, 
^vaar,  Tnmberry,  Mull  of  Kintyre,  Sanda,  Corsewall,  Cairn  Byan, 
UqU  of  Galloway,  Little  Boss. 

In  the  following  table  are  given  the  state  of  the  barometer  and 
thennometer,  and  the  general  results  of  the  observations  at  the 
diffiBnnt  lighthouse  stations^  and  along  with  them  some  of  the  more 
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valuable  obserratiotu  wUch  hftve  been  acquired  from  newapapeis 
01  prirate  information,  and  I  have  to  acknowledge  the  kindness  of 
those  who  have  given  me  assistance  in  the  prepaiation  of  the  data 
in  the  table,  more  especially  the  CommissioiieTa  of  Northern  Ugbt- 
hotuea^  in  granting  access  to  the  Lighthouse  Beturns ;  His  Grace  the 
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Dukeof  Argyll;  the  Bev.  Dr  Eobinson  of  Armagh;  Mr  William  Philip, 

reodent  engineer,  Londonderry ;  Capt.  Graham,  steamer  "  Pharos  " ; 

Mr  David  Gordon  of  Bathgate;  and  Mr  R.  L.  Mackintosh,  Invemess. 

1  may  observe  that  this  earthquake  occurred  in  the  month  of 

November,  during  a  wet  and  stormy  period,  the  average  rainfall  for 

the  month  at  the  different  places  of  observation  being  4 '4  inches, 

which  wet  period  had  been  preceded  by  an  unusually  dry  summer 

and  spring ;  that  it  was  accompanied  by  a  widespread  thunder  storm, 

but  no  sudden  change  of  barometer   or  thermometer;  that  the 

average  height  of  the  barometer  at  the  lighthouse  stations  was,  at 

9  A.1L,  29*4  inches ;  and  at  9  p.ii.  29*5  inches;  and  that  the  average 

temperature  at  9  ▲.m.  was  50''  F.  and  at  9  p.ii.  48''  F. 

The  area  over  which  it  was  felt  from  Butt  of  Lewis  in  the 
Hebrides  to  Armagh  in  Ireland,  and  from  Barrahead  in  the  Hebrides 
to  Blair  AthoU,  amounted  to  at  least  19,000  square  geographical 
nules,  though  to  what  additional  extent  it  may  have  been  propagated 
into  the  Atlantic  it  is  impossible  to  say. 

The  effects  of  this  earthquake,  as  reported  by  the  lightkeepers, 
show  that  it  was  a  rather  sharp  shock,  but  fortunately  that  no 
cbmage  was  done,  due  no  doubt  to  the  massive  structures  of  all  our 
ttposed  lighthouse  towers,  and,  judging  generally  from  the  reports 
of  the  shock,  the  undulation  seems  to  have  been  of  an  "  up  and 
down"  character  like  a  wave  of  the  sea. 

The  ^  breadth  "  of  the  undulation  of  1839,  which  emanated  from 
Comrie,  and  which  is  described  by  Mr  David  Milne-Home  in  an 
article  in  the  *' Edinburgh  Philosophical  Journal"  for  1843,  was 
calcokted  by  him  to  have  been  about  20  feet,  but  the  wave  of  the 
earthquake  now  under  consideration  must  have  very  much  exceeded 
the  Comrie  one  in  breadth,  for  a  wave  20  feet  broad,  travelling  with 
A  velocity  of  568  feet  per  second  (which  will  be  shown  afterwards 
to  have  been  the  average  velocity  of  transit  of  the  wave  of  the  earth- 
quake of  1880)  would  pass  a  point  on  the  earth's  surface  in  ^th  of 
^  aecond,  which  evidently  is  too  short  a  time  to  produce  the  effects 
obserred  by  the  lightkeepers;  but,  calculating  the  breadth  of  this  wave 
bnn  the  minimum  time  its  effects  were  felt,  which  was  two  seconds, 
^d  from  its  average  velocity  of  transit  it  would  appear  that  the 
^^i^th  of  the  wave  was  fully  1100  feet,  which  I  think  is  a  more 
pohable  breadth  than  20  feet 
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The  «hook  was  felt  very  'distinctly  at  some  stflcfiona,  whiiBt  At 
others  only  a  few  miles  distant  it  was  not  pevoeiTed  at  alL  With 
Teference  to  this  h/d^  it  seems  necessary  to  remaik  that  at  ihe 
time  of  the  shock  there  happened  to  he  a  keeper  <m  watch  in  every 
lighthouse,  as  the  earthquake  occurred  after  sunset^  at  a  time  when 
the  lamps  were  lighted. 

Two  inalanoes  wiU  he  sufficient  to  show  how  caprioious  the  indi- 
cations of  the  diook  wera 

1.  At  Skerryvore  the  shock  was  more  severe  than  at  any  other 
station,  yet  not  a  trace  of  it  was  felt  at  Dhufaeartaoh  lighthouse,  only 
twentymiles  distanl  These  two  lighthouse  towers  are  very-similarly 
situated,  hoth  heing  ahsolutely  huilt  into  solid  rocks  of  small  extent 
lying  in  the  open  sea,  the  nearest  land  to  either  of  them  being 
about  ten  miles  distant 

Being  unable  to  fix  the  geological  ages  of  the  two  rocks,  I  sub- 
mitted specimens  of  them  to  Professor  Geikie,  who  kindly  examined 
them,  and  states  by  letter  that  he  finds  ^the  Dhuheartaoh  rock 
to  be  a  dolerite,  identical  in  external  and  microscopic  characters 
with  the  more  ooaisely  crystalline  doleritsfrof  Mull,  Eig,  ftc.  I  have 
not  the  least  doubt  that  it  is  a  portion  of  the  volcanic  plateau  which 
extends  more  or  less  broken  from  Antrim  up  into  Faroe  Islands  and 
Iceland.  The  Skerryvore  rock  is  one  of  the  crystalline  schists,  and  of 
much  higher  antiquity  than  the  rock  of  Dhuheaitadi." 

2.  Again  the  earthquake  was  felt  at  the  Sound  of  Mull  lighthouse, 
but  was  not  Mt  at  Ardnamurchan,  situated  on  the  dther  side  of  the 
Sound  of  Mull,  and  only  sevMi  mUes  distant  The  Sound  of  Mull  and 
Ardnamurchan  lighthouses  are  both  founded  cm  igneous  zodcs  of 
the  Miocene  age.  Judging  from  this  ease,  one  might  come  to  the 
conclusion  that  the  deep  cleft  or  basin  of  the  Sound  of  Mull  had 
cut  off  the  earthquake  wave  irom  Ardnamurchan,  but  on  the  same 
grounds  it  should  have  been  cut  off  at  Eyleakin,  MacArthor^s  Head, 
and  other  places,  and  after  a  careful  study  of  the  'Ohart  and 
Geological  Map,  1  have  come  to  the  conclusion  that  it  is  impossible 
to  account  for  the  different  effects  of  the  earthquake,  as  observed  at 
places  within  the  agitated  area,  either  by  the  configuration  of  the  land 
or  by  the  directions  or  positions  of  the  principal  lines  of  ^fauk  or  of 
the  trap  dykes,  but  this  much  is  shown  that  of  twenty-two  lighthouse 
observers  between  Cape  Wrath  and  the  Midi -of  Galloway  wteweie 
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aiQated  on  the  older  formations  (Laurentian,  CamhriaD,  and  Meta- 
moij^ioaed  Lower  Siiniian),  eleven  felt  the  shock,  whilst  of  thirteen 
obaenreiB  situated  on  newer  rocks,  it  made  itself  known  only  to  two 
of  them,  and  it  may  therefore  be  assumed  that  it  was  more  sensibly 
developed  on  the  older  rocks  of  Scotland  than  on  those  of  more 
tecent  fonnations.  Judging  from  the  times  of  occurrence  of  the 
eiiihqaake,  I  think  I  am  warranted  in  coming  to  the  conclusion 
that  the  seismal  focus  was  situated  near  Phladda  lighthouse,  which 
it  may  be  remarked  lies  nearly  in  the  line  of  the  great  fracture  which 
rans  from  luYemees  through  Scotland  in  a  south-westerly  direction. 
Itmgybe  interesting  to  notice  that  the  earthquake  shocks  of  1877, 
^onummioated  by  Mr  David  Stevenson,  had  their  origin  in  the  same 
district,  having  been  experienced  at  Phladda,  Hynish,  Sound  of 
Moll,  and  Lismoie. 
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The  exact  focus,  however,  is  not  certain,  but  as  a  centre  from 
^Hch  to  calculate  the  velocity,  a  point  has  been  chosen  lying  S.S.W. 
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of  Phladda  lighthoiuse  and  north  of  MacArthor's  Head  lighthouse 
as  the  wave  motion  is  described  by  the  lightkeepers  at  these  station 
to  have  come  in  these  directions ;  and  having  no  lees  than  fiv 
observations  of  time  by  lightkeepers,  and  seven  trustworth 
observations  from  other  places,  I  have  been  enabled  to  determis 
the  following  results,  as  to  what  may  be  held  to  have  been  th 
velocity  of  transit  of  the  earthquake  wave,  the  time  at  the  souic 
being  taken  as  5.40  p.m.  (Greenwich),  which  assumes  that  tb 
wave  travelled  from  the  source  to  Phladda  at  a  velocity  of  6.7 
miles  per  minute,  which  is  the  average  velocity  over  the  sea,  an 
the  distance  from  Phladda  to  the  source  being  only  13  miles,  an 
difference  between  this  assumed  velocity  and  the  actual  velodt 
will  only  affect  the  general  result  to  a  very  small  extent 

It  appears,  then,  from  this  table,  that  the  velocity  has  varied  froi 
3'75  geographical  miles  per  minute  to  7*5  miles  per  minute  i 
different  directions  from  the  source,  the  greater  velocities  being  ov( 
the  sea,  probably  due  to  the  fact  that  in  these  directions  the  croi 
of  the  earth  is  thinner  and  lighter,  and  consequently  more  easil 
thrown  into  vibration.  Thus  the  average  velocity  on  sea  joumeyi 
was  6*74  miles  per  minute,  and  on  land  journeys,  4*65  miles  pc 
minute,  the  mean  of  the  whole  being  about  5^  miles  per  minnti 
On  the  Chart  the  dotted  line  shows  roughly  the  limit  or  r^mge  of  tl 
earthquake  landwards,  in  so  far  as  I  have  been  enabled  to  ascertain  i 
and  it  will  be  seen  that  the  earthquake  wave  was  apparently  prop 
gated  farthest  in  directions  over  the  sea-basin,  the  v^ve  being  moi 
quickly  dissipated  by  passing  over  the  land  with  its  mountain  chaini 

It  is  interesting  to  notice,  that  of  the  fourteen  observers  withi 
a  radius  of  38  miles  from  the  source  who  felt  the  shock  thirteen  < 
them  mention  having  heard  a  noise,  and  no  observers  in  Scotlan< 
at  greater  distances,  mention  noise  as  an  accompaniment  of  tb 
earthquake.  The  stations  where  the  noise  was  heard  were  for  tib 
most  part  situated  on  hard  dense  rocks,  with  little  or  no  soil  nm 
them. 

The  average  duration  of  the  disturbance  for  observers  within 
38  mile  radius  from  the  source  is  4*4  seconds. 

The  most  of  the  reports  received  horn  Ireland  by  newspape 
notices  or  otherwise  I  had  no  means  of  personally  investigating 
but  all  of  them,  as  will  be. seen  in  the  tabular  statement^  give  th* 
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times  at  which  the  shock  was  felt  as  later  than  that  reported  from 
Fhladda.     Three  of  the  Irish  reports  which  I  was  enabled  to  inquire 
into,  at  Omagh,  Belfast,  and  Armagh,  give  times  which  agree  almost 
exacUy  with  those  which  might  be  expected  on  the  assumption  that 
the  wave  felt  at  those  places  had  been  propagated  direct  from 
Phladda;  and  it  is  therefore  probable  that  the  earthquake  dis- 
turbance in  Scotland  and  Ireland  proceeded  from  one  and  the  same 
cause.    But  it  is  not  a  little  remarkable  that  in  and  around  Leter- 
kenny  ''  rumbling  noises  "  were  heard  which,  as  already  pomted  out^ 
were  only  heard  in  Scotland  within  a  radius  of  38  miles  of  the 
Maice,  and  the  shock  was  also  more  severely  felt  than  would  have 
been  expected  in  a  spot  removed  so  far  from  the  sourpe.     This  I 
think  can  only  be  accounted  for  on  the  hypothesis  that  the  arrival 
of  the  earthquake  wave  from  Scotland,  generated  in  the  neighbour- 
hood of  Leterkenny  a  second  source  of  disturbance  (not  at  all  an 
improbable  event),  the  effects  of  which  were  only  local     The  exact 
time,  however,  of   this  disturbance  has  unfortunately   not  been 
determined,  as  the  reports  from  the  north  of  Ireland  are  not 
efficiently  exact 

Having  thus  laid  before  the  Society  at  some  length  the  facts,  so 
^  as  I  have  been  able  to  ascertain  them,  regarding  this  very  marked 
euthqoake  phenomenon,  I  have  only  to  add  in  the  form  of  a  digest 
wme  of  the  principal  conclusions  to  which  this  investigation 
spears  to  lead. 

1.  That  the  earthquake  occurred  in  the  month  of  November,  a 
oumth  in  which  many  of  the  British  earthquakes  are  recorded  to 
W  happened. 

2.  That  it  occurred  after  a  wet  period  which  had  been  preceded 
by  an  nnusually  dry  summer  and  spring.  That  there  was  a  wide- 
spread thunderstorm  at  the  time,  and  that  the  barometer  was  rising 
^ly  over  the  greater  part  of  the  west  of  Scotland,  the  average 
height  of  the  barometer  at  the  lighthouse  stations  at  which  the 
^Arthqnake  was  felt  being  at  9  a.m.  29*4  inches,  and  at  9  p.m. 
^'5  inches:  The  thermometer  at  9  a.m.  averaged  50""  F.  and  at 
9  P.M.  48'  F. 

3.  That  the  seismal  area  was  about  19,000  square  geographical 
milfiB,  the  shock  having  been  felt  as  far  north  as  the  Butt  of  Lewis, 
^  br  south  as  Armagh  in  Ireland,  as  far  east  as  Blair  Atholl,  and  as 
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far  west  as  Barrahead,  though  how  miloh  farther  it  waa  propagated 
into  the  Atlantic  it  ia  impossible  to  say. 

4.  That  the  range  of  the  earttiqui^e  or  distance  to  which  the 
wave  was  propagated  was  greater  over  the  sea  than  over  the  land. 

64  That  the  earthquake  was  not  a  simultaneous  shake  over  the 
disturbed  area,  but  was  produced  by  a  wave  propagated  from  a 
ee&tre. 

6.  iThat  the  undulation  seems  to  have  been  chiefly  of  an  <*  up  and 
down "  character  like  a  wave  of  the  sea,  and  tiiat,  oalculating  the 
breadth  from  the  mean  velocity  ot  transit,  and  the  mininiiiTn 
dtiration  of  the  shock,  it  appears  to  have  been  fully  1100  feet 
in  breadtlu 

7.  That  the  observations  warrant  the  assumption  that  a  spot  near 
Phladda  lighthouse  was  the  source,  and  calculating  the  velodtieB  of 
tntnsit  with  a  point  13  miles  S.S.W.  of  Phladda  as  a  centre,  the 
wave  travelled  with  a  greater  velocity  over  the  sea-basin  than  over 
the  land,  probably  due  to  the  fact  that  over  the  sea  there  was  a 
thinner  and  lighter  crust  to  throw  into  vibration,  the  average  velocity 
on  sea  journeys  being  6*74  geographical  miles  per  minute,  and  the 
average  velocity  on  land  journeys  4*65  miles  pef  minute,  the  mean 
of  the  whole  being  about  5^  miles  per  minute. 

8.  That  the  source  of  the  earthquake  lay  at  or  near  the  great 
fracture,  which  runs  in  a  south-westerly  direction  horn  Inverness, 
and  that  the  shock  was  probably  due  to  a  rupture  of  the  cnurt  of 
the  earth  at  this  very  distinct  line  of  fracture. 

9.  That  all  the  observers  who  heard  noises  agree  in  stating  that 
it  was  a  "  rumbling  **  sound. 

10.  That  of  the  fourteen  observers  within  a  radius  of  38  miles 
from  the  source,  who  felt  the  shock,  thirteen  of  them  mention 
having  heard  the  rumbling  sound,  and  none  of  the  other  observers  in 
Scotland  mention  noise  as  an  accompaniment  of  the  earthquake, 
and  hence  that  the  noise  was  confined  chiefly,  if  not  entirely,  to 
places  situated  near  the  source. 

11.  That  the  stations  where  the  noise  was  heard  were  for  the 
most  part  situated  on  hard  dense  rocks  with  little  or  no  soil  near 
them. 

12.  That  the  average  duration  of  the  disturbance  was  4*4  seconds, 
for  observers  within  the  sound  area. 
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13.  That  of  twenty-two  Hghthouse  obaetven  between  Cape  Wnith 

and  the  Mull  of  Crallowaj,  who  were  situated  on  the  older  formations 

(LKaEcmtian^  CSacmbrian,  and  Metamorphosed  Lower  Silurian),  eleven 

felt  the  shock,  whilst  of  thirteen  observers  situated  on  newer  rocks, 

it  made  itself  known  only  to  two  of  them ;  and  that  the  earthquake 

was  therefore  more  generally  felt  on  ihe  older  rocks  of  Scotland. 

14.  That  stations  situated  near  one  another,  and  on  the  same 
iormation,  did  not  necessarily  both  receive  the  shock,  and  that  faidts 
01  trap  dykes  did  not  seem  to  affect  the  passage  or  intensity  of  the 
wave  in  any  way. 

15.  That  the  observations  of  time  at  Armagh,  Belfast,  and  Omagh, 
show  that  the  shocks  at  these  places  were  most  probably  propagated 
direct  from  Phladda  in  Scotland,  and  that  the  severity  of  the  shock, 
and  the  "  rumbling  "  noises  heard  in  and  around  Leterkenny,  were 
prolably  due  to  a  second  and  local  source  of  disturbance,  generated 
by  the  arrival  of  the  shock  from  Phladda. 

2.  On  the  Classification  of  Statistics.    !Part  t 

By  Mr  R  Geddes. 

3.  On  Professor  Cayley's  Theorem  regarding  a  Bordered  Skew 
Determinant    By  Mr  Thomas  Muir,  M.A. 

(This  paper  is  to  be  found  in  the  Quarterly  Joumat  of  Mathematics, 

voL  xviii). 

4  The  Law  of  Extensible  Minors  in  Determinants. 
By  Mr  Thomds  Muir,  M.A. 

5.  Additional  Note  on  a  Problem  of  Arrangement, 
By  Mr  Thomas  Muir,  M.A. 

^'  The  present  note  is  acontintiation  of  a  short  paper  which  ap- 
I*^  in  the  Proceedings  of  the  Boyal  Society  of  Edinburgh  for 
•^on  1876-77.  The  problem  in  question  is  that  referred  to  in 
^^e«8or  Taif  s  «  Memoir  on  Knots,"  viz.  :—To  find  the  number  of 
^J^***%  arrangement  of  a  set  of  n  fhvngs^  tukject  to  the  cofiditione 
^  fir$t  he  not  in  the  latt  or  first  ptace^  the  second  not  in  the 


I 
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JM  or  aoeond  place,  ike  third  not  in  the  eeeond  or  third  pUu^  and 

90  ON. 

It  being  undentood  that  IT.  denotfiff  the  said  number  of  atnmge- 
mentSy  the  mn^lnHing  lines  of  the  paper  ref aned  to  will  show  to 
what  extent  the  problem  was  solyed. 

*^  Hence  for  the  dftwrmination  of  IT.  when  TT«.i ,  TJ..si ....  are 
known  we  have 

U.-(«- 2)U...  +  (3«- 4)U...+(Si»  -  6)U.., 

+  (i«  -  10)U..4+(5it  -  U)U..  J 

+  (&•  -  20)U...+ (7«  -  26)U,.  A       (1) 


+ 5        . 

where  the  eoefficientB  proceed  for  two  terms  with  the  common 
diffsrenoe  »  -  3»  for  the  next  two  tenns  with  the  common  diffoienoe 
«  -  i,  for  the  next  two  tenns  with  the  common  diffiBrence  »  -  6,  and 
so  on. 

«  And  M  It  is  sdf^erident  thai  U,- 0^  we  obtain 

U,-1U,+  1  =1 

Uj-SU^+«J,+  l  =13 

U^-iUj+8U^+12U,  =80 

Uj-5XT^+10Uj+15U^  +  18U,+  l       =579 
F,  -  6Fy + 12TJ^ + WUj + 22U^ + 26U,  =  4738 , 

andaofoiiL* 

What  is  aimed  at  now  k  io  reduce  the  aboTe  equation  of  differ- 
ences and  theroaftar  to  obtain  the  genenti]^  fonctian  of  U. 

2.  IVom  (1)  we  haTe 

U..,-(«-4)U.^+(2m-8)U,.4+(3»-  12)TJ.., 

+  (4«-18)U..,+(5»  -  24)U..,| 
+ 

and  Ihimfoie  bj  s«blnitlkm 

+(2a  «2XXJi3+U,.^ +TJ,)  .  .  (2)- 
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Consequenilyy  of  oouise, 

U-i-U..,-  (n  -  3)U..,+ (2f»  -  6)U,., 

+  (2n-4XUi,.«  +  U,.,+ +U8), 

and  thus  we  aie  enabled  to  eUminate  UM.4  +  irM.s+  •  •  •  +U8* 
The  lesolt  of  doing  so  is 

(n  -  2)(U.  -  U..0  -  (n  -  1)(U..»  -  U..,) 

-  (n  -  2)»U..,  +  (n  -  2X2»  -  4))  U,.,  +  (2n  -  2)(n  -  2))  U,., , 
-(n-l)(n-3)J         -  (n  -  l)(2n  -  6)) 

or 

(».2)U.=(n«-3n  +  3)U,.i  +  (n«-3n  +  3)U«.,+(n-l)U^.,  (3). 
Patting  (n- 1)  for  n  we  have  also 

(»-3)U..i.(n«-6n  +  7)U,.,  +  (n«-6n+7)U..,  +  (n-2)U..4, 
uid  therefore  from  this  and  (3)  by  subtraction 

(«-2)U,-(««-2»)U«-i+(2n-4)U,.i-(n«-6n+8)U«-i-(n-2)U«-4, 
or        U,=nU,.x  +  2U,.,-(n-4)U...-U,.4     .    •    .    .     (4) 

^"^irther,  partitioning  the  term  2U^.,  into o^ii-«  +  "~oU«-«i 

w  —  2  11  —  2 

this  may  be  written  in  the  form 
U...U..,.-1-^U...."j^*(tT..,-— .U...-:-l|tT...) 


^1-4, 


or 


—      n— 4    n-6    n-8  2^ 


n-4    n-6    n-8  3«. 

•  •  •  •      r"  ^6> 


n-2    n-4    n-6  6 

*°^<>iding  as  n  is  even  or  odd.    But 

V,.U,-4Us.2U2=-2, 


and 


V,.U,-6U,-|U3  =  |, 
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Hence 


•  •  •  • 


that  is 


or 


4 

u.-»u,.,-^u..,=(-i)-'^, 

U.-nU..,+^U.„+(-l)"-^    •     •    • 
From  this  the  successive  values  of  U.  are  got  with  ease. 

3.  To  obtain  the  generating  function  of  U  we  return  to  (4), 
write  it  in  the  form 

U,-(ii-l)tJ,.,  +  U..i  +  2U,.,-(«-3)U..,  +  U,.,^U,.4, 

so  that  if  t^,  a  function  of  iv,  be  the  generating  function,  its  4i 
ential  equation  is  at  once  seen  to  be  of  the  form 

du  du 

By  trial,  however,  ^«)  is  readily  found  to  be  a^  -  2a^  +  «*,  cc 
quently  the  equation  is 

Integrating  in  the  usual  way  we  first  find 


/ 


'«*  -  !B»  -  2a!2  - « + 1  ,  1     ,     a»-l 


X 


and   .'.  tt  =  «rpf -ic  +  -  +  log j 

This  does  not  really  differ  from  Professor  Cayley's  result  (P 
RS.E.  1876-7).  The  apparent  difference  is  due  to  the  fact  tha 
the  one  case  u  is  assumed  to  be  of  the  form  V^+XJ^a?'^  •  •  • » ' 
in  the  other  of  the  fojrm  UjOJ*  +  XJ^ai* .... 
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6.  On  the  Oxidation  of  Feirons  Salts. 
By  Mr  J.  Y.  Buchanan. 

In  this  paper  the  action  of  permanganate  of  potaah  on  feiroas 
nits  in  hydrochlorie  acid  is  studied,  and  a  satisfactory  method  of 
titrating  such  solutions  is  indicated.  Farther,  a  short  study  is 
inade  of  the  action  of  chlorates,  perchlorates,  and  nitrates  on  acid 
f enons  salts  imder  various  conditions.  The  results  have  a  certain 
interest  for  the  analytical  chemist 

The  f oUowiDg  solutions  were  used : — 

Femm  Sulphate, — Ordinioy  recrystallised  green  yitriol  was  used. 

(a)  5*857  grammes  FeS04  +  TH^O  dissolved  in  water  and  diluted 
^  the  sohitlon  weighed  290  gramme&  This  solution  contains 
^^"^  gtumnes  iron  in  10  e.e. 

(^)HG0O  grammes  FeSO^-frHsO  (i«  0*8977  grammes  iron) 
were  dissolved  in  water  and  made  up  to  145*5  grammes.  The 
^f^'^Aai  therefoie  contains  0*062  grammes  iron  in  10  ac 

(c)  ^'232  grammes  FeS04  +  "^^^  ^^"^  disserved  in  water  and 
B^np  to  1^8  ae.  When  filled  up  to  the  mark,  andhefore  adding 
^  extra  5  cc.  water,  the  500  c.&  solutioik  weighed  514  gttuDtimes, 
^^Qie  the  specific  gravity  of  the  solution  is  1*028  at  15*  C. 
^  loktioB  when  fresh  contains  0*1  gramme  iron  in  10  ac  It 
^^  used  for  most  of  the  observations,  and  extending  over  nine 
^Js,  doling  which  time  it  gradually  deposited  a  little  ochreous 
^tter.    Compared  with  permanganate  10  ao.  requned 

March  11,  17*85  cc  permanganate. 
Mareh  19, 17*6  „ 

uence  the  alteration  had  not  been  very  great,  considering  that  dur- 
^g  these  nine  days  the  solution  had  been  consumed  in  portions  of 
1^  c.a  at  a  time. 

^^^hlorate  of  Potash, — 3*654  grammes  recrystallised  chlorate  of 
P^^  were  dissolved  in  water  and  made  up  to  I  litre.     10  ac. 

of  this  solution  oxidise  0*1  gramme  iron  from  ferrous  to  ferric 

lalt 

^^rMoraie  of  Potash, — ^The  perchlorate  was  obtained  from  the 
^QLXL  2b 
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University  laboratory,  and  was  very  pure.     On  analysis  the  follow- 
ing results  were  obtained  : — 

Weight  of  salt^        .        .        .  0*6208  grammes. 

Weight  of  salt  after  heating  (KCl),  0*3330        „ 

Di£ference  oxygen,  .        .  0*2878        „ 

Chlorine  in  residue,         .  0*1581         „ 

Whence  we  have  the  following  composition  per  cent : — 

Found  in  Calculated 

Salt.  in  KCIO4. 

Potassium,  .        28*18  28*22 

Chlorine,  .        .  25*46  25*61 

Oxygen,    .        .        .        46*36  46*17 


100*00  100*00 

3*0938  grammes  KCIO4  oxidise  10  grammes  iron  from  the  ferrous 
to  the  ferric  stata  3*0940  grammes  were  dissolved  in  warm  water 
and  made  up  to  a  litre  at  9^  C. 

Nitrate  of  Potash, — 6*018  grammes  KNO3  oxidise  10  grammes 
iron  from  the  ferrous  to  the  ferric  state.  6*019  grammes  were  dis- 
solved in  water  and  made  up  to  a  litre.  The  nitrate  of  potash  was 
purified  by  recrystalHsation. 

The  sulphuric  acid  used  to  acidify  the  solutions  was  made  by 
diluting  I  part  by  weight  of  pure  oil  of  vitriol  with  9  parts  by 
weight  of  water.  It  contains,  therefore,  very  closely  one  gramme- 
molecule  per  litre  (HgSO^). 

Permanganate  of  Potash, — This  solution  was  made  by  dissolving 
3*163  grammes  crystallised  salt  in  water  and  making  up  to  a 

Utre.     3*162  grammes  =  ^^^^  =  0*02KMnO4.     Tested  with  the 

double  sulphate  of  iron  and  ammonia,  17*9  c.c.  were  found  to  be 
required  to  oxidise  0*1  gramme  iron  from  the  ferrous  to  the  ferric 
state.  3*163  grammes  KMn04  oxidise  5*602  grammes  iron  from 
ferrous  to  ferric,  therefore  17*9  c.c.  of  the  above  solution  ought  to 
oxidise  0*1003  gramme  iron. 

It  is  well  known  that  the  use  of  permanganate  of  potash  for 
titrating  ferrous  salts  in  hydrochloric  acid  is  discouraged,  and  indeed 
prohibited  by  the  highest  authorities  in  analytical  chemistry.  As  a 
matter  of  fact,  however,  there  is  very  little  inaccuracy  attending  its 


of  Edinburgh,  Session  1880-8L 


193 


use  in  hydrochloric  acid  solution^  which  is  as  dilute  as  the  sulphuric 
acid  solution  is  when  it  is  commonly  titrated.  But  the  chief  want 
of  the  analyst  is  the  power  to  titrate  strongly  acid  hydrochloric 
Bolations  of  iron  with  permanganate,  and  I  find  that  this  can  he 
done  without  difficulty.  As  long  as  there  is  ferrous  salt  in  the 
solution  the  permanganate  devotes  itself  ezdusively  to  it ;  but  as 
soon  as  it  is  all  transformed  into  ferric  salt  the  permanganate  at 
once  attacks  the  hydrochloric  acid,  and  the  characteristic  odour  of 
enchlorine  is  at  once  perceived.  If  the  permanganate  is  added  with 
sufficient  care  to  avoid  local  supersaturation,  the  appearance  of  this 
odour  indicates  with  very  considerable  sharpness  the  moment  when 
all  the  iron  has  been  oxidised.  It  can,  however,  also  be  indicated 
clearly  to  the  eye.  If  one  or  two  drops  of  a  dilute  solution  of  pure 
femcyanide  of  potassium  be  added  to  the  ferrous  solution  so  as  to 
colour  it  blue  without  producing  a  precipitate,  then  on  titrating 
with  permanganate  the  disappearance  of  the  ferrous  salt  is  indicated 
1)7  the  simidtaneous  disappearance  of  the  blue  colour.  This  is 
illustzated  in  the  following  table.  For  each  experiment  10  c.c.  of 
fenous  sulphate  solution  (a),  containing  0*0407  gramme  iron,  were 
icidified  either  with  normal  sulphuric  acid  (0'5H2SO4)  or  with 
fomiog  hydrochloric  acid  (12'6HC1),  diluted  with  water  so  as  to 
bijng  the  volume  to  about  60  cc,  then  titrated  with  permanganate 
^  hydrochloric  acid  solution,  with  the  addition  of  enough  ferricyanide 
^  cobnr  the  solution  blue. 

Table  I. 


*                              •               •         ■ 

Number  of  Experiment 

» 

1. 
10 

2. 

10 

3. 
10 

4. 
10 

5. 
10 

6. 
10 

7. 
10 

ferroQs  sulphate  (a),       .       cc. 

Solpharin  add  (O'SHsSOJ,     „ 

•  ■  • 

•  •  • 

20 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

H7dn)chloricacid(12-6Ha),  „ 

10 

10 

•  •  • 

25 

25 

25 

25 

^»ter,  •       .        .        .        „ 

30 

30 

30 

25 

25 

25 

25 

PenniQganitey                        „ 

7-66     7-6 

7-6 

7-6 

7-46 

7-7 

7-6 

From  this  table  it  will  be  seen  that  with  10  c.c  fuming  hydro- 
chloric acid  the  results  are  quite  as  good  as  with  sulphuric  acid. 
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With  25  ae.  hydroehlorie  acid  the  Qialihod  becomfia  a  little  etrained ; 
bat  it  can  be  pez&ctly  well  carried  oat  if  care  is  taken  to  add  the 
penpanganate  slowly  so  as  to  avoid  a  local  excess,  which  would 
iATolve  oxidation  of  the  hydrochloric  acid.  This  happened  in 
experiment  No.  6.  In  No.  5,  which  was  also  otherwiae  nnsatii' 
factory,,  the  ferricyanide  had  pioduoed  a  precipitate  which  ahoald 
always  bo  avoided. 

In  Table  IL  will  be  foand  the  leaalta  of  experiments  on  the 
action  of  chlorate  of  potash  and  of  perchloiate  of  potash  solutions 
on  f QiTOUS  sulphate  in  sulphuric  acid  and  in  hydiochlorifi  add 
solution  when  left  together  for  a  short  tima 


TablbIL 


If  umber  of  Sxperimeut. 

8. 

9. 

10. 

11, 

10 

13. 

14. 

Ferrous  sulphate  (&), .        .   c.c 

10 

10 

10 

10 

10 

10 

Sulphuric  a^id  (H^J,     .     „ 

20 

20 

20 

20 

••« 

••» 

20 

Hydrochloric  told  (12  *6H0I),  „ 

•  •• 

•  •• 

••» 

••• 

10 

10 

.*• 

WftT6Ty                                    •                                       •            II 

80 

30 

80 

80 

40 

40 

80 

Chlorate  of  potash  solutioui     n 

•  •  • 

•  •  • 

•  •  • 

8-8 

•  •  • 

8-8 

•  •  • 

Perchlorate  of  potashi        .     „ 

•  •• 

•  •• 

6-2 

*  •  • 

6*2 

.  •  • 

•  •• 

Duration  of  actioui    •        .  miTi. 

•  •• 

•  •« 

1-6 

1-6 

2 

8 

•  •  • 

Temperature  of  mixturOi    .   'O. 

•  •  • 

•  •  • 

17 

17 

16-6 

16-6 

•  •  • 

PermanganatCi  .        .        .  cc. 

11-2 

11-8 

11-8 

11-0 

11-8 

11-2 

11-2 

In  experiments  11  and  13  the  chlorate  of  potash  solution  used 
was  not  that  described  above,  which  is  used  for  all  the  faUowiug 
eocperiments,  but  a  somewhat  weaker  one,  of  which  14*2  ac.  were 
required  to  oxidise  0*1  gramme  of  iron.  It  will  be  seen  that  the 
only  case  which  shows  any  decomposition  is  No.  11,  whisre  110 
instead  of  11*2  cc.  permanganate  have  been  used.  Hence  at  ordi- 
nary temperatures  the  action  of  chlorate  of  potash  in  dilute  acid 
solutions  does  not  necessarily  begin  instantaneously. 
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In  Table  HI.  will  be  found  the  results  of  experiments  on  the 
ozidiamg  effects  of  solutions  of  percblorate^  chlorate,  and  nitrate  of 
potash  acting  on  ferrous  sulphate  solution  (c)  for  different  lengths 
of  time  at  ordinary  temperatures.  The  mixture  consisted  in  each 
case  of  10  aa  ferrous  sulphate  solution  (c),  20  ca  H^O^,  30  cc. 
water,  and  10  cc  of  one  of  the  oxidising  solutions. 

Tablb  in. 


Cub. 

cents.  Permanganate. 

Chlorate 

DoiatioiL 

Temperature. 

decom- 
posed 
per  cent. 

Perchloiate. 

Chlorate. 

Nitrate. 

Blank. 

Boon. 

1 

*  C 
18  to'l9 

17-8 

12-6 

18-0 

18-0 

80-2 

28J 

14  to  19 

17*9 

2-26 

17-8 

17-8 

87-4 

61 

9  to  16 

177 

1-a 

17-8 

17-8 

98-2 

168 

9  to  18 

17-7 

0-8 

1775 

1775 

98-8 

From  these  results  it  will  be  seen  that  ferrous  sulphate  in  sul- 
pkiiric  acid  solution,  containing  0*1  gramme  iron  in  60  cc.  is  stable 
at  ordinary  temperatures  in  presence  of  the  quantity  of  nitrate  or 
perchlorate  of  potash  necessary  for  the  complete  oxidation  of  the 
iiOQ.  In  the  case  of  chlorate  the  oxidation  goes  on  at  such  a  rate 
^  in  one  hour  30 '2  per  cent,  and  in  seven  days  98*3  per  cent,  of 
the  iron  has  been  oxidised.  In  connection  with  these  experiments 
it  was  ohserved  that  a  clear  solution  of  bleaching  powder  saturated 
in  the  cold,  oxidises  ferrous  sulphate  at  once  and  completely  in  the 
cold ;  and  that  bromine  water  resembles  chlorate  of  potash  in  re- 
quiring time,  and  being  accelerated  by  a  high  temperature. 

The  observations  in  Table  lY.  were  made  with  a  view  to  gain  a 
doter  insight  into  the  behaviour  of  chlorate  of  potash  solution  ai 
otdinaiy  temperatures.  The  mixture  exposed  was  in  all  cases  10  cc. 
ferrous  sulphate  (c),  10  cc  chlorate  solution,  20  cc.  H2SO4,  and 
^  c.a  water.  In  three  blank  experiments  without  chlorate  17'6  cc. 
P^nnanganate  were  used. 
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Table  IV. 


Temperature  of 
solution,      **  C. 

13-5 

18-8 

14-0 

14-2 

14-9 

15*0 

16-1 

16- 

Duration  of 
action    .   min. 

16-5 

88 

49-5 

66 

99 

132 

166 

198 

Permanganate 
used,        .     cc. 

16-85 

16-2 

14-25 

13-85 

11-6 

10-4 

9-85 

8- 

Per  cent  chlorate 
used, 

7-10 

18-64 

19-08 

24-15 

84-66 

40-91 

46-88 

61- 

It  will  be  seen  that  during  this  series  of  observations  the  tempc 
tore  rose  from  13*5*'  C.  to  15*2*  C,  in  consequence  the  decompc 
tion  has  gone  on  during  the  short  intervals  more  slowly,  and  duri 
the  long  intervals  more  quickly  than  it  would  have  done  at  a  mc 
constant  temperature. 

In  Table  Y.  are  given  the  results  of  observations  on  the  action 
nitrate  and  perchlorate  solutions  at  higher  temperatures.  The  eo 
position  of  the  solutions  was  as  before,  10  cc.  ferrous  sulphate  ( 
20  C.C  H2SO4,  30  cc.  water,  and  10  cc  of  perchlorate  or  nitrate 
potash.  They  were  heated  for  five  or  six  minutes  to  two  int 
mediate  temperatures,  and  also  boiled  for  a  like  time.  In  thi 
blank  experiments  made  during  the  series  17*55, 17*50,  and  17*55  c 
permanganate  were  used. 

Tablb  V. 


Oxidising  agent. 

Perchlorate. 

Nitrate. 

Temperature,                 'C. 
Duration  in  minutes,    . 
Permanganate  used,       cc. 

46 
5 

17-6 

81 

5 

17-6 

boiling 

6 
17-56 

66 
6 

17-46 

84 

5 

17-6 

boilini 

5 
17-56 

From  these  results  it  will  be  seen,  and  in  the  case  of  nitrate 
least  with  surprise,  that  even  boiling  for  five  minutes  has  had  \ 
effect  in  bringing  about  a  reaction  between  the  oxidising  agent  ai 
the  ferrous  salt  In  the  case  of  chlorate  it  is  otherwise.  In  tl 
following  three  experiments  the  chlorate  was  allowed  to  act  for  ^y 
minutes.    In  a  blank  experiment  17-6  cc  permanganate  were  uaei 
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Tablb  VI. 


Temperatnrey     ... 

•c. 

28 

*7 

70 

Permanganate  used   . 

• 

15*95 

11-9 

8-8 

Chlorate  used,  per  cent     . 

• 

9-2 

88-5 

77-1 

The  effect  of  dilation  on  the  rate  of  action  will  be  apparent  from 
Table  VTL  For  each  experiment  10  cc.  of  ferrous  sulphate  (a)  were 
allowed  to  react  on  10  c.a  chlorate  of  potash  along  with  10  cc  H2SO4, 
tnd  different  quantities  of  water,  which  will  he  apparent  from  the 
figmee  giving  the  total  volume  of  the  solution.  After  standing 
ezac%  half  an  hour  they  were  titrated  with  permanganate.  In 
the  hst  four  experiments  in  this  table  the  sulphuric  acid  used  was 
formed  by  dilating  1  part  of  oil  of  vitriol  with  4  parts  of  water 
(both  by  weight) ;  it  may  therefore  be  written  2H2SO4,  as  there  are 
two  gramme-molecules  in  the  litre.  Three  blank  experiments  gave 
17*6  88  the  permanganate  equivalent  to  the  10  cc  ferrous  sulphate 


Tabt.tb  VIL 

Tempeatare,       .      "  C. 

18 

17 

16-7 

12-8 

12-7 

12-7 

12-8 

Vohnne  of  solutiony    c  c 

40 

80 

120 

30 

60 

90 

120 

Pemumgtnate  naed,     „ 

10-95 

15-85 

16*4 

9-2 

14-5 

16-15 

16-8 

CUorate  used,  per  cent., 

87-7 

12-7 

6-8 

47-8 

17-8 

8-5 

4-8 

1  liope  shortly  to  be  in  possession  of  more  extensive  experimental 
<^  and  to  discuss  them  in  a  future  paper. 


7.  On  some  Space-LocL    By  Professor  Tait 

{Ahstrcuit,) 

"Hie  class  of  problems  treated  is  one  to  which  considerable  atten- 
tion has  been  paid  of  late,  as  for  instance  by  Gkisher  and  others  in 
this  country,  and  by  Mannheim,  &c,  abroad 

Two  years  ago  (Proc  1879,  p.  200),  in  connection  with  Minding's 
^^rem,  I  investigated  the  space-locus  of  the  feet  of  perpendiculars 
^  the  origin  on  the  rays  of  a  complex.  These  were  found  to  fill 
^  space  bounded  by  the  two  sheets  of  the  reciprocal  of  a  Fresnel's 
wtTe^urface.     The  method  I  employed  is  capable  of  very  extended 
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application  in  the  same  directian,  and  the  following  general  proce 

is  applicable  to  all  the  problems  I  have  seen  treated  by  the  antho 

above  referred  to. 

Let  p»a+a;)3y 

where  T)8=l, 

be  any  ray  of  a  complex ;  and  let  the  scalar  condition  determini] 

a  point  on  it  be 

F0.)-0. 

This  determines  x  in  terms  of  a,  /3;  and  the  number  of  independe 
scalar  variables  is  reduced  by  two  additional  data,  such  as  a  relati( 
between  a  and  P  {Le.^  S.a^^O),  or  a  relation  among  the  values 
X  (t.e.y  /(^i»  ^21 .  . .  .)  **  ^h  c^ccording  to  the  nature  of  the  comple 
We  have  now  to  make  Ta  a  maximum  or  minimum,  subject 
the  additional  condition  tibat 

Ua  »  constant 

This  gives  rise  to  three  scalar  equations  which  may  be  written 

or,  finally, 

t.6.,  P  is  coplanar  with  v^,  ^2,  which  are  usually  normals  to  surfac 
at  the  points  of  intersection  with  a  ray  of  the  complex.     This 
one  of  the  chief  points  of  Mannheim's  treatment  of  the  8ubj6< 
When,  as  is  often  the  case,  the  surface  on  which  the  complex 
made  to  depend  is  an  ellipsoid 

S.p^p=l; 

the  last  written  equation  usually  takes  the  form 

or 

i8--«(y^+l)-*a, 
whence 

-l=»«S.o(y^+l)-«o. 

In  this  equation  y  and  z  depend  upon  To,  so  that  the  space-loe^ 
is  closely  connected  with  Fresnel's  wave-surface,  whose-  equation 
capable  of  a  very  remarkable  series  of  transformations,  dependii 
on  the  properties  of  the  expression 
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Monday,  ith  April  1881. 
Pbofessor  BALFOUE  in  the  Chair. 

The  following  Communications  were  read : — 

1.  On  the  Pressure-Errors  of  the  "  Challenger"  Thermometers. 

By  Professor  Tait, 

(This  paper  wiU  appear  in  the  Challenger  Heports.) 

2.  The  Action  of  Heat  on  Thioformanilid. 
By  W.  W.  J.  Nicol,  M.A. 

While  at  work  during  the  past  session  in  the  Berlin  Laboratoiyi 
it  was  suggested  to  me  hy  Professor  Hof mann,  that  I  should  exa- 
mine the  behaviour  of  thioformanilid  [  CSH  >  N 1  when  suhmitted  to 

^     Hj     j 

Tarious  degrees  of  heat.  The  thiofonnanilid  employed  was  pre- 
P^  hy  heating  f ormanilid  [  phenylf ormamid  CHO  I N  ]  with  peuta- 

solphide  of  phosphoros,  the  resulting  mass  was  treated  with  dilute 
caustic  soda,  and  the  alkaline  solution  of  thioformanilid  thus  ob- 
tftined  was  mixed  with  excess  of  hydrochloric  acid,  when  impure 
tluofonnanilid  separated  out;  this  was  purified  by  crystallisation 
^ni  hot  dilate  alcohol  The  crystals  thus  prepared  melted  at 
137'«138"  C,  the  melting-point  of  pure  thioformanilid  being 
137-5'  C.  (Hofmann). 

Fifteen  to  twenty  grains  of  thiolormanilid  were  heated  in  a  sealed 
^^be  to  180**  C.  for  from  six  to  seven  hours.  At  the  end  of  this 
tu&e  the  tube  was  found  to  contain  a  confused  mass  of  crystals, 
^ih  a  small  quantity  of  a  colourless  liquid,  and  on  opening  the 
^be  a  considerable  amount  of  sulphuretted  hydrogen  was  evolyed. 
%  solid  mass  dissolved  readily  in  alcohol,  leaving  no  residue,  but 
It  was  impossible  to  obtain  crystals  from  this  solution.     WhsUp 

VOU  XL  2  0 
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however,  the  hot  alcoholic  solution  was  mixed  with  just  sufficient 
hot  water  to  render  it  opalescent,  crystals  were  readily  formed  on 
cooling;  the  greater  proportion  of  these  were  scales  or  plates, 
mixed  with  some  needles  of  unaltered  thioformanilid.  A  second 
crystallisation  gave  a  crop  of  pure  crystals  which  were  washed  with 
60%  alcohol  and  dried  in  vacuo.  Their  melting-point  is  slightly 
higher  than  that  of  thioformanilid,  140*"  C,  and,  as  is  also  the  case 
with  that  body,  the  point  of  solidification  is  very  much  lower. 
They  are  nearly  insoluble  in  hot  benzol,  and  are  practically  unattacked 
by  hot  caustic  soda,  which  first  dissolves  and  then  decomposes 
thioformanilid  with  formation  of  aniline,  sodium  formiate  and 
stilphydrate.  An  analysis  of  this  body,  dried  at  90"*  C,  gave 
results  agreeing  very  closely  with  the  numbers  calculated  for  the 
body  formed  from  two  molecules  of  thioformanilid  by  the  abstrac- 
tion of  one  molecule  of  sulphuretted  hydrogen.  This  would  have 
the  empiric  formula,  Cj^H^jSNy 


Fonnd  mean. 

CmHi^N,. 

Carbon, 

• 

69-7 

70  0 

Hydrogen,  . 

• 

6-3 

5-0 

Nitrogen,    . 

• 

11-6 

11-7 

Sulphur  (by 

dif, 

.). 

13-4 

13-3 

100-0  100-0 

The  platinum  salt,  which,  however,  was  non-crystalline,  contained 
29-9%  platinum,  Ci4Hi3S]Sr2(HCl)2PtCl4  contains  29-8%  platinum. 

The  above  analyses  settle  the  composition  of  this  body,  and  the 
equation  for  the  decomposition  is  simple  enough. 


H.       . 

H 


^1 


Its  constitution,  however,  is  uncertain,  owing  to  the  uncertainty 
with  regard  to  the  constitution  of  thioformanilid.  This  latter  body 
may  be  written  in  either  of  two  ways,  according  as  it  is  supposed  to 
contain  the  mercaptan  group  (CSH)"'  or  the  sulphaldehyde  gro«P 
(CHS)'. 
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H— N=C-S— H.     H— N— C^ 

Hofmann,  in  his  paper*  describing  the  preparation  of  thiofor- 
manilid,  assigns  to  it  the  former  of  these  formulae,  and  this  view  of 
its  constitution  is  borne  out  by  its  solubility  in  alkalies,  and  by  its 
fonnation  from  isocyanide  of  phenyl  by  the  addition  of  HjS.! 

I         +H— S— H«         I 
N=C  H— ]Sr=C— S— H. 

The  second  view  of  its  constitution  is  supported  by  its  prepara- 
tioa  from  formanilid  and  pentasulphide  of  phosphorusi  f ormanilid 
being  admitted  to  have  the  constitutional  formula. 


0 
H— N— C^ 

H. 

The  third  method  for  the  preparation  of  thioformanilidi  that 
^m  sulphuretted      hydrogen    and    diphenylmethenyldiamine  :t 

\CR  also  seems  to  support  the  latter  yiew. 
The  constitutional  formula  of  this  body  may  therefore  be  written 


C,H5 

C^H, 

H-K=0 

H    N— C 

^8 

or 

H— N— C! 

H-N=C'' 

1 

N=CC 

W 

or 

N=CC 
1        ^H 

s 


CaH 


6"-5 


•  Hoftntnn,  **Bcr.  Deut  Chem.  Ges.,"  1878,  p.  888. 
t  Hofmann,  "  Ber.  Deat  Chem.  Ges.,"  x.  1095. 
t  Bemthaen,  ''Ber.  Deut.  Chem.  Ges./*  x.  1241. 
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according  to  the  view  taken  of  the  constitution  of  thioformanilid, 

and  the  position  of  the  abstracted  hydrogen  atoms.     I  hope  soon  to 

be  able  to  throw  additional  light  on  this  point  by  additional  experi- 

/CeHj     )      \  .       ^ 

ments  on  thiacetaniUd   CH.CS  V  N  |  regarding  the  constitution  of 


}") 


which  there  is  no  doubt. 


3.  On  the  Classification  of  Statistics.    Part  II. 

By  Mr  P.  Geddes. 

BUSINESa 

The  following  candidates  were  balloted  for,  and  declared  duly 
elected  Fellows  of  the  Society :— D.  J.  Hamilton,  M.R,  F.K.C.S.E. ; 
Dr  Leonard  Dobbin. 

Monday,  18th  April  1881. 

Sir  WILLIAM  THOMSON,  Hon.  Vice-President, 

in  the  Chair. 

The  following  Communications  were  read : — 

1.  On  Galvanic  Polarisation.    By  Professor  Helmholts. 

In  1872  I  wrote  a  paper  on  galvanic  currents,  which  continue 
for  a  long  time  in  an  electrolytic  cell,  under  the  influence  of  an 
electro-motive  force,  too  feeble  to  effect  electrolytic  decomposition. 
I  tried  at  that  time  to  prove  that  the  long  duration  of  these  currents 
was  caused  by  oxygen  dissolved  in  the  water  of  the  electrolyte, 
combining  with  the  hydrogen,  which  is  carried  by  the  electrolytic 
motion  to  the  cathode.  So  the  oxygen,  which  existed  formerly 
near  the  surface  of  the  cathode,  is  taken  away,  and  instead  of  it 
the  same  amoimt  of  oxygen  is  liberated  at  the  anode.  This  can 
return  by  diffusion  to  the  cathode,  and  so  the  same  action  can  go  on 
without  end.  It  appears  as  a  current  producing  no  electrolytic 
action.     I  called  it  "  Electrolytic  convection.  " 

My  experiments,  published  at  that  time,  were  performed  with 
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an  dectroljtic  cell,  from  which  the  air  was  removed  by  a  mercury 
aii-pmnp ;  but  I  did  not  succeed  in  getting  it  absolutely  free  of  air, 
because  the  lubricating  grease  of  the  stopcocks  allowed  some  air  to 
get  in  during  the  long  time  through  which  it  was  necessary  to 
contmae  the  experiments. 

Lately  I  have  had  better  results  with  a  cell  hermetically  sealed, 
contaming  acidulated  water  and  a  vacuum,  filled  of  course  with 
n^xa  of  water.  Three  electrodes  enter  the  cell ;  two  of  them 
platinum  wires,  the  third  a  thin  platinum  wire,  to  which  a 
ipiial  of  palladium  is  fixed.  Before  closing  the  glass  tube  through 
vHcb  1  had  introduced  the  liquid,  I  removed  the  atmospheric  aii 
left  in  the  cell  by  means  of  a  water  air-pump,  and  sent  an  electric 
conent  through  the  cell,  so  that  oxygen  was  evolved  at  the  two 
platinom  wires,  and  all  the  hydrogen  was  occluded  in  the 
palladiom.  Then  I  closed  the  tube  with  the  blow-pipa  The  traces 
of  oxygen  remaining  in  the  interior  of  the  cell  combined  again 
slowly  with  the  hydrogen  of  the  palladium,  and  even  if  I  evolved 
new  quantities  of  electrolytic  gases  in  the  interior  of  the  closed  cell, 
they  could  be  removed  again  by  the  electro-motive  force  of  a 
Baniell's  cell,  driving  the  oxygen  to  the  platinum  wires  and  the 
hydrogen  to  the  palladium.  On  the  contrary,  I  may  charge  the 
two  platiQum  wires  with  hydrogen,  if  1  connect  them  for  a  short 
^e  with  the  palladium  wire. 

If  the  platinum  wires  be  freed  £rom  all  hydrogen,  a  feeble 
^lectio-motive  force,  of  about  0*01  to  0*001  Daniell,  gives  only  a 
^  short  deflection ;  then  the  galvanometer  returns  to  zero.  Remov- 
ing the  electro-motive  force  without  breaking  the  circuit,  I  saw 
tt  opposite  deflection,  equal  in  magnitude  to  the  former  and  of  the 
'ttie  duration.  I  have  measured  the  capacity  of  the  two  platinum 
^'^otie^  considered  as  condensens.  They  behaved  like  two  con- 
'siMn,  the  two  electric  strata  of  which  were  separated  by  an  interval 
of  a  ten  millionth  part  of  a  millimeter.  This  is  a  capacity  smaller 
^  that  found  by  Kohlratisch  {rs.^^jnns  ^^^^'^  distance)  and  other 
obBervora  But  I  found  that  the  capacity  appeared  to  be  much 
S'^to,  if  only  a  smaU  quantity  of  hydrogen  were  carried  by  an 
^^ctiie  current  to  the  platinum.  The  same  was  the  case  if  the  wires 
^le  newly  polarized  with  oxygen,  but  this  latter  modification 
vuiished  some  hours  after  the  battery  had  been  taken  away.    In 
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these  latter  cases  a  part  of  the  current  produced  by  the  external 
electro-motive  force  must  be  considered  as  caused  by  electrolytic  con- 
vection, and  this  part  vanishes  very  slowly  and  never  completely. 

The  quantity  of  electricity  which  was  carried  to  the  platinum 
electrodes  when  they  were  free  of  hydrogen,  was  exactly  proportional 
to  the  electro-motive  force  applied  to  the  cell,  down  to  forces  of 
Y^tns  I^&nielL  From  this  is  to  be  inferred  that  no  kind  of  chemical  or 
molecular  force  exists  in  the  interior  of  the  electrolytic  fluid,  which 
is  able  to  prevent  the  ions  of  the  electrolyte  from  moving  about  in 
the  interior  of  the  fluid,  till  they  have  got  the  distribution  required 
for  the  equilibrium  of  the  electric  forces.  For  if  such  a  force  existed, 
we  ought  to  find  an  inferior  limit  to  the  electro-motive  forces,  which 
are  able  to  charge  the  electrodes  like  a  condenser. 

2.  On  the  Average  Pressure  due  to  Impulse  of  Vortex  Bings 
on  a  Solid.    By  Sir  William  Thomson. 

3.  On  the  Crushing  of  Glass  by  Pressure. 
By  Professor  Tait. 

In  the  course  of  my  examination  of  the  '^  Challenger"  thermo- 
meters, I  was  once  surprised  by  a  sudden  bell-like  vibration  of  the 
massive  iron  cylinder  (nine  inches  thick)  in  which  the  apparatus  to 
be  tested  was  enclosed.  This  was  due  to  the  giving  way  of  the 
protecting-sheath  of  one  of  the  thermometers,  at  a  pressure  of  a 
little  over  four  tons  weight  on  the  square  inch.  When  the  pressure 
was  let  ofi*,  the  bulb  of  the  thermometer  was  found  to  have  been 
crushed  to  an  almost  impalpable  powder.  I  then  determined  to 
make  a  set  of  experiments  with  the  view  of  finding  under  what 
amount  of  distortion  glass  gives  way.  For  this  purpose  I  employed 
the  smaller  compression  apparatus  which  I  have  already  described  to 
the  Society.  Its  capacity  is  about  ten  cubic  inches  only,  so  that  a 
couple  of  strokes  of  the  pump  produce  a  pressure  of  three  to  four 
tons  weight 

I  procured  a  number  of  pieces  of  glass  tubing,  with  very  varied 
ratios  of  external  and  internal  diameter.  These  were  all  drawn 
from  the  same  melting  in  the  Leith  Glass-works,  and  consifited  of 
ordinary  lead-glass. 
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By  means  of  a  small  telescope,  with  a  micrometer  scale  in  the  eye 

end,  the  ratio  of  the  internal  and  external  radii  was  measured  for 

each  end  of  each.  tabe.     The  tube  was  then  cut  into  five,  seven,  or 

nine  lengths,  and  these  were  numbered  (in  order)  by  marked  slips 

of  paper  inserted  into  them.     They  were  then  carefully  and  strongly 

sealed  at  each  end,  a  small  quantity  of  shot  being  put  into  each  to 

make  them  sink  in  water. 

By  means  of  the  external  gauge  I  have  already  described  to  the 
Society,  the  pressure  at  which  Nos.  1,  3,  5,  &c.,  gave  way  was 
measuied,  and  it  was  found  that  when  the  tube  from  which  they 
were  cot  was  stronger  at  one  end  than  at  the  other,  the  break- 
ing pressures  for  the  separate  pieces  were  in  the  proper  order  of 
magnitndeL  The  results  were,  as  was  to  be  expected,  not  very 
accordant;  but,  as  a  £air  average  result,  the  common  lead  glass 

giTea  way  when  subjected  to  a  shear  of  about  1  ±  ^^ 

(combined  with  a  compression  of  about  — -   in    every  direction). 


a  very  thick  tube  of  such  glass  will  not  resist  more  than 
abont  14  tons  weight  on  the  square  inch  of  external  pressure. 

The  formulffi  from  which  this  was  calculated  are  given  in  my 
paper  of  May  17,  1880  (Proc.,  vol  x.  p.  572).  They  give,  for  a 
pwfiuie  of  one  ton  weight  per  square  inch,  the  following  for  the 
umermost  layer  of  a  cylindrical  tube  of  external  and  internal  radii 
fliando^:— 

Badial  compreasion.-^g^--^^) , 

Tai^ntial  '^rb^mii'^m^^ 

I.>ngitudinal  =^,8^- 

The  first  terms  of  these  expressions  indicate  a  uniform  compression, 
the  other  terms  the  crushing  shear.  [It  is  curious  to  note  that  this 
compression  is  less  (for  the  same  pressure)  in  a  solid  rod  {a^  =  0) 
where  there  is  no  shear,  than  in  a  tube.] 

The  walls  of  these  tubes,  when  they  gave  way,  were  crushed  into 
^®  powder,  which  gave  a  milky  appearance  to  the  water  in  the 
<x>mpre88ion  apparatua     But  the  fragments  of  the  ends  were  larger, 
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and  gave  much  annoyance  by  preventing  the  yalves  of  the  apparatus 
from  closing.  To  remedy  this  inconvenience  I  enclosed  the  glass 
tube  in  a  tube  of  stout  brass,  closed  at  the  bottom  only,  but  was 
surprised  to  find  that  it  was  crushed  almost  flat  on  the  first  trial 
This  was  evidently  due  to  the  fact  that  water  is  compressible,  and 
therefore  the  relaxation  of  pressure  (produced  by  the  breakixig  oi 
the  glass  tube)  takes  time  to  travel  from  the  inside  to  the  outside 
of  the  brass  tube ;  so  that  for  about  -nr^rnr^  ^^  ^  second  that  tube 
was  exposed  to  a  pressure  of  four  or  five  tons  weight  per  square 
inch  on  its  outer  surface,  and  no  pressure  on  the  inner.  The  im- 
pulsive pressure  on  the  bottom  of  the  tube  projected  it  upwards,  so 
that  it  stuck  in  the  tallow  which  fills  the  hollow  of  the  steel-plug. 
Even  a  piece  of  gun-barrel,  which  I  substituted  for  the  brass  tube, 
was  cracked,  and  an  iron  disc,  tightly  screwed  into  the  bottom  of 
it  to  close  it,  was  blown  in.  I  have  since  used  a  portion  of  a  thicker 
gun-barrel,  and  have  had  the  end  welded  in.  But  I  feel  sure  that 
an  impulsive  pressure  of  ten  or  twelve  tons  weight  would  seriously 
damage  even  this.  These  remarks  seem  to  be  of  some  interest  on 
several  grounds,  for  they  not  only  explain  the  crushing  of  the  open 
copper  cases  of  those  of  the  "  Challenger"  thermometers  which  gave 
way  at  the  bottom  of  the  sea,  but  they  also  give  a  hint  explanatory 
of  the  very  remarkable  effects  of  dynamite  and  other  explosives 
when  fired  in  the  open  air.  [It  is  easy  to  see  that,  ceteris  paribus^ 
the  efiects  of  this  impulsive  pressure  will  be  greats  in  a  large 
apparatus  than  in  a  small  one.] 

4  On  the  Cause  of  the  Sounds  produced  in  the  Microphone 
Eeceiver.    By  Professor  James  Blyth. 

In  the  microphone,  or  loose  contact  receiver,  we  have  two  or 
more  small  blocks  of  carbon  resting  lightly  against  each  other, 
through  which  the  interrupted  current  from  the  txansmitter  \b 
passed.  At  the  points  of  contact,  a  strong  heating  and  cooling 
effect  must  take  place  every  time  the  current  is  interrupted  or 
otherwise  varied.  This  heating  and  cooling  will  cause  corres- 
ponding expansions  and  contractions  of  the  air  or  other  medium 
surrounding  the  points.  These  produce  undulations  in  the  medium, 
which,  striking  against  the  sides  of  the  containing  Teasel,  set  tfaem 
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also  inio  a  state  of  vibration,  and  so  reproduce  the  sounds  of  the 
transmitter.  To  test  the  truth  of  this  explanation,  I  have  made 
the  following  experiments  : — 

A  cylindrical  tin  box,  about  four  inches  in  diameter  and  two 
inches  deep,  with  a  tight-fitting  lid,  was  provided.  In  the  sides  of 
the  box  three  openings  for  corks  were  made — two  being  at  the 
opposite  ends  of  a  diameter,  and  the  third  in  a  line  at  right  angles 
to  this  diameter.  Through  the  corks  in  the  two  opposite  openings 
stout  copper  wires  were  passed,  connected  inside  by  a  spiral  of  fine 
iron,  or  platinum  wire.  By  this  means  the  spiral  was  completely 
endoeed  in  the  box,  and  the  interrupted  current  from  the  trans- 
mitter could  be  easily  sent  through  it  Through  the  third  opening  the 
box  could  be  filled  with  water,  or  with  any  gas  or  vapour  on  which 
it  was  desirable  to  make  experiments.  The  transmitter  employed 
^W8  either  a  tuning-fork  interruptor,  which  vibrated  256  times  per 
8wnd,  or  the  violin-microphone,  and  the  battery  power  employed 
™ed  from  ten  to  fifteen  Groves's  cells.  When  the  interrupted 
<^^ii^t  from  the  fork  was  sent  through  the  spiral  of  fine  wire,  it 
WM  seen,  on  looking  through  the  upper  opening,  to  glow  with  a 
dutifully  varied  glow,  and  on  applying  the  ear  to  the  end  of  the 
^x,  the  sound  of  the  fork  was  most  distinctly  heard.  The  box 
^M  then  completely  filled  with  water,  and  still  the  sound  was 
'^  ahnost  as  distinctly  as  before,  accompanied,  however,  with  a 
^"ffling  noise.  The  electrodes  carrying  the  spiral  of  fine  wire  were 
Deit  removed,  and  replaced  by  two  gutta-percha  covered  tjopper 
^^^,  so  fixed  as  to  leave  a  distance,  inside  the  box,  of  about  half 
*^  inch  between  their  uncovered  ends.  The  box  was  then 
completely  filled  with  mercury,  and  the  interrupted  current  sent 
"^^h  it.  The  current  was  thus  made  suddenly  to  heat  and  cool 
we  line  of  mercury  lying  between  the  exposed  ends  of  the 
**fi<itrode8,  and  this  heating  and  cooling  was  distinctly  recognised  by 
the  sounds  heard  when  the  ear  was  applied  to  the  end  of  the  box. 
The  sounds,  however,  were  not  musical,  although  the  tuning-fork 
waj  Baed,  but  consisted  merely  of  dull  thuds,  arising,  as  it  seemed 
from  slow  waves  set  up  in  the  mass  of  the  mercury. 

It  struck  me  that,  in  this  experiment,  the  action  might  be  due  partly 
^  the  repulsion  between  the  end  of  the  wire  and  the  mercury  produced 
^J  the  self-induction  of  the  current     To  test  this,  I  had  a  telephone 

^ou  XL  2d 
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conBtructed  bo  as  to  isolate  this  effect^  and,  if  possible^  bnng  it  only 
into  view.  It  consists  of «  short  yertical  wooden  tube,  containing  a 
column  of  mercury, — the  bore  being  about  half  an  inch  in  diameter. 
On  the  top  of  the  tube,  which  terminates  in  a  drcolar  enlaige- 
ment,  an  ordinary  ferrotype  plate  is  placed,  which  has  a  copper 
wire  soldered  to  its  centre,  dipping  vertically  downwards  for  a 
short  distance  into  the  mercury  in  the  tube.  The  current  is  led 
upwards  through  the  mercury  column  to  the  copper  wire,  and  thence 
to  the  ferrotype  plate,  which  is  in  metallic  connection  with  one  of 
the  poles  of  the  battery.  By  this  arrangement  any  action  from  self- 
induction  which  takes  place  will  be  of  the  nature  of  a  thrust  verticaUy 
upwards  upon  the  copper  wire,  and  through  it  upon  the  ferrotype 
plate,  which  will,  in  consequence,  be  made  to  vibrate  in  sympathy 
with  the  interruptions  of  the  current  in  the  circuit  When  the 
tuning-fork  was  used,  I  was  able  to  hear  the  sounds  from  it  faintly, 
but  still  distinctly  enough  to  leave  no  doubt  of  the  effect 

I  next  determined  to  try  the  effect  of  exhausting  the  air  from 
the  space  surrounding  the  glowing  spiral  of  fine  wire.  For  this 
purpose  I  employed  the  apparatus  known  as  the  dectrie  egg,  A 
spiral  of  fine  platinum  wire  was  placed  vertically  between  the  two 
terminals,  and  I  first  made  sure  of  hearing  the  sound  of  the  foik 
by  applying  my  ear  to  the  outside  of  the  egg.  The  air  was  then 
gradually  exhausted,  and  the  sound  decreased  perceptibly  till  it 
became  almost  inaudible.  To  get  the  effect  of  a  more  perfect 
exhaustion,  I  next  employed  one  of  Mr  Swan's  electric  lamps.  When 
the  interrupted  current  from  the  fork  was  sent  through  the  lamp, 
no  trace  of  sound  could  be  heard  by  applying  the  ear  to  the  side  of 
it,  although  the  variation  of  the  glow  in  the  carbon  fibre  from  dull 
red  to  a  very  bright  red,  approaching  to  white,  was  most  beautifully 
seen  to  be  produced  by  the  variation  of  the  current  This  at  once 
shows  that  the  presence  of  air  or  some  other  medium  is  necessary,  in 
order  that  its  expansion  and  contraction,  produced  by  the  heating 
and  cooling  of  the  wire,  may  affect  the  sides  of  the  vessel,  and  to 
give  out  the  sounds. 
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Monday,  2d  May  1881. 

Pbotessor  MACLAGAN,  Vice-President,  in  the  Chair. 

The  ioUowing  Communications  were  read : — 

1.  On  the  Classification  of  Statistics.    Part  III. — Results. 

By  Mr  Geddes. 

2.  On  the  Motion  of  a  Storm  in  an  Easterly  Direction 
heing  only  possible  as  a  Circular  Atmospheric  Wave. 
By  Bobert  Tennent 

It  is  here  intended  to  show  how  a  storm  with  a  diameter  of 
aeTend  hundred  miles,  and  with  a  comparatively  low  vertical  height, 
can  move  and  only  in  contact  with  the  resisting  surface  of  the 
grouod,  but  not  on  a  frictionless  surface.     Exceptional  cases  are  all 
^^  receiyed  owing  to  the  complexity  of  the  subject^  and  also  to 
tlie  comparatively  few  condusions  which  have  been  arrived  at  in 
the  millions  of  observations  which  have  taken  place.     Let  this 
>tom  be  supposed  to  be  inaugurated  in  the  United  States,  and  be 
<)ttcdbed  as  being  a  vast  mass  of  rarefied  air  enclosed  within  its 
tnooonding  isobarics.     In  this  form,  as  is  well  known,  it  does  not 
om  the  Atlantic  and  to  the  British  Isles ;  it  only  alters  its  position 
in  the  form  of  a  circular-atmospheric  wave,  and  by  the  *^  Curve  of 
Ootwaid  Propagation"  in  front,  described  in  the  paper  of  1877-78, 
ptgB  574,  and  which  is  accepted  by  a  well-known  continental  mete- 
oidogiBt.    As  shown  by  the  Eev.  W.  Clement  Ley,  cirrus  clouds 
tloft  move  in  front  and  from  low  to  high  pressure.     This  also 
tihs  place  with  the  Curve,  which,  by  the  alteration  of  the  position 
of  the  atmosphere  aloft,  may  thus  probably  produce  these  clouda 
Opening  out  of  a  storm  in  this  way  in  front,  of  course  fills  up  in 
^  lear.    To  enable  this  to  take  place,  it  is  of  course  accompanied 
^7  a  spiral  inflow  to  its  low  centre,  and  with  the  important  and 
^^^^^easary  motive  force  of  the  central  ascending  current,  on  a  resist- 

• 

^  but  not  on  a  frictionless  surface,  as  exhibited  in  the  diagram 
of  the  ftBcending  balloon.  Spiral  inflow  diflers  in  its  direction, 
^  aho  with  its  source  of  supply  in  the  different  segments  ;  how 
^  ad^reesion  then  remain  stationary .1    It  is  shown  to  move  in 
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the  direction  of  the  less  copious  source  of  supply  of  the  lowest 
gradients,  and  of  the  widest  isobars,  accompanied  of  course  by  high 
pressure  and  by  steep  gradients  on  the  south  segment,  which  there 
necessarily  aids  the  velocity  of  the  west  winds,  and  in  the  direction 
of  progress.  Owing  to  the  complexity  and  difficulty  of  the  mode 
in  which  spiral  inflow  takes  place,  and  also  of  the  direction  in  which 
it  is  altered  in  the  different  segments,  absolutely  dependable  obser- 
vations are  not  to  be  found.  For  &cility  of  explanation,  it  is  here 
taken  up  in  two  points  of  view.  First,  in  the  mode  of  direct  inflow 
which  only  occasionally  takes  place ;  and,  secondly,  also  in  the  very 
important  mode  in  which  it  circulates  round  the  low  centre,  but 
which,  as  e^^bited  on  the  surface,  takes  place  in  a  very  different 
manner  on  the  different  segment&  It  is  only  by  circulation  that 
the  structural  form  of  an  aerial  cavity  can  possibly  be  maintained. 
This  circulation,  which  is  in  a  direction  against  that  of  the  hands 
of  a  watch,  is  for  facility  here  supposed  to  take  place  at  the  same 
rate  of  speed  as  that  of  progress,  and  in  an  easterly  direction.  On 
the  north  segment,  east  winds,  which  here  circulate  round  the  low 
centre  and  in  a  direction  opposite  to  that  of  progress,  are  necessarily 
calmed,  though  only  with  reference  to  the  surface.  On  the  south 
s^ment,  where  west  winds  both  circulate  and  blow  in  the  direction 
of  progress  and  with  a  consequent  amount  of  velocity,  they  must 
necessarily  there  be  accompanied  by  high  pressure,  while  east  winds 
only  require  low  pressure,  and  which  must  also  be  found  in  front. 
The  velocity  of  east  and  west  winds  are  here  supposed  to  circulate 
at  the  same  rate  of  speed  round  the  low  centre ;  with  reference  to 
the  usual  surface  observations,  they  are  not  here  comparable.  East 
winds  may  thus  be  regarded  as  being  those  of  space.  It  is  owing  to 
this,  as  shown,  that  there  is  to  be  found  the  remarkable  difference 
in  the  alteration  of  the  position  of  the  north  and  south  segments  in 
the  form  of  a  circular  atmospheric  wave.  This  is  fully  illustrated 
in  the  diagrams  of  the  paper,  and  is  here  shown  how  the  calm  north 
segment  of  east  winds  can  only  alter  its  position,  and  by  so  doing 
exhibit  the  necessary  progressive  movement 

In  a  letter  received  from  Ballot,  he  mentions  his  great  difficulty 
in  ascertaining  the  comparative  velocity  of  east  winds  with  reference 
to  their  gradients  as  compared  with  those  of  other  winds.  As 
above  described,  how  can  the  effect  of  the  gradients  of  the  different 
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winds  not  differ  with  each  other  ?    Moreover,  as  shown  in  a  former 

paper,  the  barometer  does  not  always  and  actually  represent  the 

leal  weight  of  the  atmosphere  aloft ;  how  can  it  not  also  do  so  in  a 

lapidly  ascending  and  in  a  descending  current  1    Under  such  cir 

cumstances  the  isoharics  and  the  gradients  cannot  he  ahsolutely 

correct,  especially  in  those  which  are  found  at  some  distance  from 

the  low  centre.     To  ascertain  the  correctness  of  the  harometer  much 

importance  must  he  attached  to  it,  which  is  accepted  hy  well-known 

men,  and  is  also  opposed  hy  others.     It  ought  therefore  to  he  fully 

discoased,  and  suitahle  ohservations  to  he  received. 

3.  On  Chemical  Nomenclature  and  Notation.    By  Professor 

Crum  Brown. 

Handay,  16th  May  1881. 

Pbofessor  FLEEMING  JENKIN,  Vice-President, 

in  the  Chair. 

The  following  Communications  were  read  : — 

1.  Note  on  a  Pharonis  dredged  in  H.M.S. '  Challenger/ 

By  W.  C.  M'Intosh. 

[PuUiahed  by  pennlBsion  of  the  Lords  Commissioners  of  the  Treasniy.] 

Ihifl  form,   which  in    many  respects  is  a  most  interesting  in- 

^enoediate  type,  was  dredged  at  Station  212,  south  of  the  Philippine 

Uanda,on  the  30th  January  1875,  in  lat   6°  65'  N.,  long.  122* 

5r  £.,  at  a  depth  of  10-20  fathoms,  on  a  sandy  hottom.     The 

M  length  is  ahout  52  mm.,  with  a  variahle  diameter  of  ahout 

2  mm.  at  the  hlackish  anterior  region,  and  4  or  5  mm.  at  the  poste- 

^.   The  tentacular  or  branchial  region  has  a  length  of  6  or  7  mm. 

The  body  is  elongate,  smoothly  rounded  to  the  naked  eye,  and 

SB&enJly  thrown  into  several  constrictions  and  enlargements  as  in 

^f^OicoUmnnaf  or  in  certain  examples  of  Cerianthtu  and  Edwardsia, 

ftfihulbous  posterior  end  (devoid  of  all  transverse  wrinkles)  of  many 

^^^^^20^%  the  resemblance  to  the  latter  all  the  more  striking.     On 

^  ofcher  hand,  the  double  branchial  fan  and  general  appearance 

^n^tOQch  the  contour  of  the  Eriographididse  and  SabelUdae  amongst 

ibe  AnnelidB.     The  anterior  third  of  the  body,  which  is  tinted  of  a 

uhdosh  hue  with  a  slight  metallic  lustre  fading  posteriorly,  Is  most 
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minutely  marked  by  fine  transverse  lines,  as  in  the  massive  muscular 
proboscis  of  Lepidonotus  and  Apkrodita,  These  circular  strise  are 
much  finer  in  front,  and  gradually  widen  towards  the  posterior  pari 
of  the  coloured  or  anterior  region,  which  in  almost  all  the 
specimens  is  firmly  contracted — ^from  the  peculiar  structure  of  the 
body-walL  The  dorsal  is  distinguished  from  the  ventral  surface  by 
a  longitudinal  furrow  (on  each  side  of  the  median  line),  which  cuts 
off  a  ridge  or  segment  overlying  the  rectum.  In  many,  the  body 
gradually  dilates  toward  the  end  of  the  anterior  region,  and 
an  enlarged  pale  "bladdery"  part  often  occurs — marked  by  a 
close  series  of  longitudinal  bands— crossed  externally  by  fine 
transverse  striae,  so  that  the  region  has  a  tesselated  appearance. 
Such  an  aspect,  of  course,  diverges  very  much  from  the  eight 
longitudinal  bands  in  Edwardsia  and  Cerianthus,  though,  as  will 
afterwards  be  noticed,  there  is  a  certain  structural  resemblance 
between  the  muscles  of  the  diverse  groups.  Even  in  the  somewhat 
narrower  region  of  the  Plwronis^  behind  the  latter  part,  traces  of 
these  longitudinal  bands  (the  muscular  fasciculi)  are  visible. 
Finally,  the  body  ends  in  a  more  or  less  clavate  or  bulbous  region, 
which  is  generally  devoid  of  such  markings. 

The  contracted  anterior  region  of  the  body,  after  the  muscles  are 
f uUy  formed,  presents  externally  in  transverse  sections  the  chitinous 
cuticula,  then  the  hypoderm,  which  even  in  fine  sections  is  almost 
opaque  fh)m  the  deposit  of  blackish  pigment  Beneath  is  a 
translucent  and  probably  elastic  basement-tissue  of  considerable 
thicknes&  The  circular  muscular  coat,  which  immediately  follows, 
is  not  much  developed  at  the  commencement  of  the  region,  the 
radiating  series  of  fibres  which  pass  from  the  body-wall  between 
the  pennate  portions  of  the  next  coat  and  the  oesophagus, 
apparently  performing  the  chief  functions  necessary.  The  next  or 
longitudinal  coat  is  regularly  arranged  in  bands,  which  in  transverse 
section  present  a  most  regularly  pennate  appearance — a  pair  of 
dense  fasciculi,  with  a  somewhat  fiem-shaped  series  of  striae,  occurring 
at  the  base  (extenially),  within  which  the  arborescent  or  complexly 
pennate  fibres  project  It  is  interesting  to  notice  a  kind  of  gradation 
between  the  lax  pennate  arrangement  of  the  longitudinal  muscular 
bands  in  Peachia,  the  coarse  pennate  system  in  PTwronis^  and  the 
more  finished  pennate  plan  of  the  muscles  in  the  Eriographidid*^. 
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Towaids   ihe   posterior  part  of  the  foregoing  region,  the  circular 

muBoolar  coat  beoomee  much  thicker,  while  the  radiating  fibres 

dimiiuBh,  and  become  of  secondary  importance  in  the  greatly  enlarged 

▼isceial  area.     In  the  succeeding  part  of  the  body,   indeed,   the 

miucolar  layero  diminish  in  proportionate  bulk,  and  as  we  approach 

the  posterior  end    the  pennate  arrangement  of    the  longitudinal 

fibres  disappears,  and  the  latter  form  a  comparatively  thin  layer 

under  the  basement  tissue — the  circular  coat  being  intemaL     The 

tamination  of  the  body  is  thus  ensheathed  by  uniform  layers  of 

loDgitudinal  and  circular  fibres. 

The  tentacles  or  branchiae  arise  from  the  slightly-enlarged 
cephalic  end  by  a  somewhat  firm  basal  web,  which  is  entire 
ventnlly,  but  is  widely  split  dorsally,  so  as  to  present  the  aspect  of 
a  double  fan,  as  in  the  Sabellidae.  Indeed,  viewed  from  this 
SQilaoe,  each  fan  or  volution  is  supported  on  its  own  basis,  which, 
maieoyer,  is  oblique— elevated  in  the  centre,  and  sloping  downward 
^  outward  externally.  The  basal  web  remains  entire  for  about 
&  thiid  of  the  total  length  of  the  tentacular  arrangement,  and  then 
bnab  op  into  a  multitude  of  simple,  slightly-tapering  filaments, 
which  are  pale  throughout  the  greater  part  of  their  extent,  but 
tinted  of  a  dark  brownish  hue  towards  the  tip.  Externally,  the 
i^t^  of  each  is  densely  coated  with  cilia,  which  are  somewhat 
^OQger  toward  the  tip  of  the  proces&  As  ordinarily  seen  in  the 
pKpaiations,  the  branchial  fan  performs  about  three  volutions. 
Ike  skeletal  elements  of  the  apparatus  conmience  on  the  sides  of 
^  anterior  region  of  the  body,  as  a  series  of  simple  longitudinal 
chitinooa  processes  or  rods — the  dorsal  and  ventral  regions  at  first 
*>^  devoid  of  them.  They  lie  just  within  the  thick  basement- 
i&emhmne  under  the  hypoderm.  Proceeding  distally  (anteriorly) 
tbe  chitiuous  skeleton  becomes  much  more  complex,  from  the 
^  that  it  develops  tubes  for  the  transmission  of  the  circulatory 
^^  extends  round  the  whole  circumference  of  the  body  except  a 
»oaki  region  at  the  dorsal  hiatus,  and  moreover  splits  into  two  or 
^^'^  rows.  In  the  formation  of  the  circulatory  channels,  the 
^^^itittmg  longitudinal  processes  would  first  seem  to  form  a  thin 
''^  with  two  dilated  pillars,  and  then  a  complete  ring  with  much 
waiet  walls.  Before  complete  separation  of  the  basal  folds  of 
^  ^  oocun,  the  sections  show  a  double  row  of  these  channels, 


214  Proceedings  of  the  Royal  Society 

one  being  on  the  outer  edge  of  the  volution  and  the  other  on  the 
inner — a  chitinous  baaement-layer  separating  the  former  row  and  its 
spongy  vascular  tissue  from  the  latter.  A  line  intersecting  the 
coils  would  thus  (before  separation  occurs)  pass  through  four 
complete  series  of  these  channels,  and  in  certain  positions  (involv- 
ing the  central  volution)  through  six.  At  the  base  the  inner  row 
at  the  tip  of  the  central  coil  is  incomplete,  but  by  and  by 
the  vessels  form  a  continuous  series  round  the  edge.  The  structure 
of  one  of  these  double  basal  rows  is  as  follows  : — Externally  is  the 
cuticular  layer,  which,  however,  in  the  preparations  does  not  seem 
to  be  well  differentiated,  since  it  forms  only  a  definite  boundary  to 
the  hypoderm.  This  feature  is  probably  related  to  the  branchial 
functions  of  the  region.  Within  is  a  layer  of  hypoderm,  which 
varies  in  thickness  and  colour  according  to  the  level  of  the  section. 
Its  structure  agrees  with  the  hypoderm  of  the  body-wall,  and  accords 
with  the  same  tissue  in  the  Annelids  and  Nemerteans.  Directly 
under  it  are  the  chitinous  arches  of  the  outer  row  of  channels, 
which  are  incomplete  internally,  each  debouching  into  a  large 
vascular  channel,  which  with  connective  tissue  fills  up  the  space 
between  the  outer  row  and  the  line  of  basement-tissue  separating 
the  two  series.  In  transverse  section  the  chitinous  tissue  shows 
the  thickened  sides  formerly  alluded  to,  and  is  often  finely  streaked, 
but  the  latter  is  probably  only  an  optical  peculiarity.  Within  the 
line  of  basement-tissue  are  the  inner  series  of  channels,  which 
have  complete  waUs  (and  the  outer  row  would  thus  seem  to  be 
less  developed  at  a  given  level  inferiorly  than  the  inner) ;  and  in 
transverse  section  present  a  noteworthy  uniformity  in  appearance, 
viz.,  with  a  dumb-bell-shaped  outline  of  the  inner  wall  from  the 
thickening  of  the  median  region  or  each  side,  while  the  lines  of 
the  outer  wall  laterally  are  nearly  parelleL  The  outer  and  inner 
arches  of  the  vessel  are  thinner.  Only  a  slight  quantity  of 
connective  tissue  separates  each  chitinous  channel  from  the  septum 
(line  of  basement-tissue),  while  the  other  arch  has  a  thick  coat  of 
hypoderm,  which  soon  (as  wo  proceed  distally)  becomes  grouped  in 
a  series  of  fan-shaped  masses.  The  inner  surface  of  the  chitinous 
channels  is  furnished  with  an  epithelial  lining ;  and  since  in  section 
the  arch  next  the  septum  generally  has  a  rounded  opaque  mass  of  the 
circulating  fluid,  surmounted  in  many  by  a  granular  band  as  if  ttom 
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a  line  wall,  it   is  possible  such  represents  the  vessel  (or  at  least 
a  division  or  septum)  with  its  contents.     Proceeding  distally,  both 
sets  of  Yessels  (in  the  double  rows)  become  complete,   and   the 
bypoderm  covers  both  the  outer  and  inner   edges  of  each — the 
somewhat  spongy  vascular  tissue  having  disappeared.     Then  each 
TOW  becomes  more  individualized — having  a  thin  layer  of  bypoderm 
on  the  inner  or  concave  edge,  and  a  prominent  pennate  mass  (in 
section),  several  times  thicker,  on  the  outer.     The  rings  are  bound 
together  only  by  a  little  connective  tissue  in  the  middle,  and  they 
won  hecome  free, — the  outer  layer  of  bypoderm  still   remaining 
thicker,  while  that  on  the  sides  (where  the  densest  portion  of  the 
chitinous  ring  exists)   is   less   developed.     When   viewed    longi- 
tudinally, this  peculiar  chitinous  wall  has  a  series  of  very   bold 
and  rather  regular  transverse  folds  or  wrinkles  ;  and  an  included 
venel  and  its  contents  are  apparent  toward  the  tip. 

The  mouth  opens  at  the  bottom  of  the  ventral  (and  outer)  whorl 
ofthehranchial  apparatus  (which,  as  formerly  mentioned,  presents  a 
continuous  fold  in  this  region) — the  arrangement  resembling  a 
spadoQB  fonneL  The  first  part  of  the  alimentary  canal  has  its  wall 
folded  transveraly  in  zig-zags,  the  next  and  longest  region  is  mostly 
devoid  of  them,  but  they  again  become  very  well  marked  in  front 
of  the  dilatation  generally  found  at  the  posterior  end  of  the  body. 
The  canal  then  turns  forward  along  the  dorsal  aspect  to  terminate 
in  the  uios,  on  the  ridge  between  the  two  dorsal  branchial  fans. 
The  canal  is  fixed  at  its  commencement  by  various  fibres  which  pass 
from  the  lower  curve  to  the  ventral  wall  of  the  body,  and  by  a 
strong  band  (with  an  elastic  central  portion)  at  each  side  to  the 
^^teral  region  of  the  body.  The  structure  of  the  glandular  lining  of 
the  canal  agrees  with  that  in  the  Annelids  and  their  allies.  Pro- 
ceeding backward  the  oesophagus  becomes  fixed  by  the  radiating  mus- 
^  fibres  passing  from  the  body-wall  between  the  pennate  muscles 
^^ghout  the  greater  part  of  the  circumference.  Dorsally,  however, 
two  strong  oblique  bands  cut  off  a  limited  area  for  the  rectum,  and 
^  the  former  region  by  their  attachment  to  its  dorsal  wall. 
These  radiating  bands  would  seem  to  perform  an  important  function 
'^th  in  regard  to  the  calibre  of  the  alimentary  canal,  the  vessels,  and 
the  hody-walL  The  canal  retains  similar  connections  throughout 
"^  anterior  region,  though  it  is  more  central  in  position  as  the  body 
VOL  XL  •  2  b 
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becomes  constrictecL  In  the  less  rigid  region  which  succeeds,  its 
wall  is  thinner,  its  cavity  larger,  and  its  connection  with  the  body 
more  lax.  Its  structurci  however,  remains  the  same.  Food  seldom 
occurs  in  the  first  region  of  the  alimentary  canal,  but  in  the  dilated 
posterior  part  and  after  it  turns  round  to  proceed  forward  to  tho 
anterior  end,  the  granular  contents  abound  with  Foraminifera, 
Badiolarians,  diatomes,  sponge  spicules,  and  other  organic  debris. 
For  the  most  part  the  intestine  is  kept  in  situ  on  the  dorsal  aspect 
of  the  first  region  of  the  canal  by  the  oblique  fibres  passing  from 
the  dorsal  wall  of  the  body  to  the  upper  arch  of  the  digestive  tube, 
and  which  form,  in  the  contracted  region  anteriorly,  the  special 
chamber  formerly  alluded  to.  The  terminal  portion  is  generally  much 
contracted — except  just  at  the  anus. 

The  chief  point  observable  in  regard  to  the  circulatory  oigans  in 
the  preparations  is  the  presence  of  the  great  dorsal  trunk,  which 
extends  almost,  but  not  quite,  from  the  posterior  to  the  anterior  end 
of  the  body  along  the  dorsal  arch  of  the  first  region  of  the  alimentary 
canaL  It  gradually  increases  in  size  anteriorly,  and  in  the  first 
or  contracted  division  of  the  body  frequently  presents  a  distinct 
septum,  so  that  there  would  appear  to  be  two  channels,  as  in 
Mageloim,  A  great  lateral  sinus  occurs  on  each  side,  within  the 
body-wall,  at  the  termination  of  the  dorsal  trunk,  but  the  exact 
mode  of  communication  with  the  branchial  vessels  has  not  been 
observed.  On  each  side  of  the  main  (or  first)  division  of  the 
alimentary  canal  is  a  considerable  lateral  trunk|  and  many  laige 
branches  occur  in  the  spaces  between  the  body-wall  and  the  former, 
being  especially  conspicuous  in  the  interstices  of  the  radiating  fibres 
in  the  anterior  region,  and  at  the  tip  of  the  tail, — after  the  great 
dorsal  and  lateral  trunks  disappear.  Many  small  vessels  are  apparent 
beneath  the  primary  division  of  tho  alimentary  canal,  but  no  large 
trunk  occurs  in  that  position.  2f  one  of  the  vessels  are  so  small  as 
to  merit  the  name  of  capillaries,  and  all  are  loaded  with  laige 
circular  granular  cells. 

The  generative  apertures  occur  on  each  side  of  the  anus,  on  a 
lateral  elevation  which  appears  just  beyond  the  chitinous  elements 
of  the  branchial  apparatus.  These  apertures  pass  into  a  capacious 
chamber.  The  ova  are  developed  in  the  posterior  r^on  of  the 
Ixxly  in     racemose    masses     above    the    chief    di\'ision    of    the 


of  Edinlmrgh,  Session  1880-81.  217 

aHment&ry  canaL     They  occupy  one  side,  while  on  the  other  is  a 
balky  granular   structure,  which  probably  represents  the    male 
element.    The  ova  occur  in  gieat  numbers  amongst  the  tentaclea 
No  obflervation  of  note  was  made  on  the  nervous  system. 
The  species  forms  a  somewhat  tough  hyaline  tube  (evidently  a 
secietion  of  the  hypoderm)  for  itself  in  the  sand,  as  in  other  forms 
having  a  similar  habitat     In  this  coating  sand-grains  often  occur, 
bat  they  do  not  form  a  regular  layer.     Even  the  most  translucent 
portions  of  the  tube  show  many  minute  sponge  spicules,  diatomes, 
and  fragments  of  silex. 

This  form  of  Pkoronis  deviates  considerably  from  those  previously 
described  andfrom  the  ordinary  Gephyreans.  If,  indeed,the  branchial 
skeleton  supporting  the  vessels  were  thrown  in^  and  arranged  at  the 
side  of  the  anterior  region  of  the  body,  so  that  the  water  would  enter 
by  lateral  slits,  to  aerate  the  circulating  fluid,  and  the  digestive  canal 
en^ged  and  attached  as  a  single  tube  to  the  body-wall,  a  form 
Kaembling  Balanoglossus  would  be  indicated.  In  both,  as  they 
exist,  the  food  passes  along  the  branchial  apparatus  before  reaching 
the  alimentary  canaL  The  branchial  arrangement  and  the  flexure 
<>^  the  intestine  also  show  certain  analogies  with  the  condition  in  the 
Polyzoa. 

2.  Additional  Besearches  on  the  Structure  of  the  Palceoniscidos 
and  Platt/bomidoe.    By  Dr  K.  H.  Traquair. 

3.  Note  on  the  Heating  produced  by  Compression. 

By  Professor  Tait. 

^y  the  help  of  an  iron-copper  junction  introduced  into  the 
'Waller  compression  apparatus  lately  described  to  the  Society,  I 
bave  examined  for  a  number  of  substances  the  rise  of  temperature 
P»wiuced  by  a  sudden  application  of  great  pressure,  and  the  corre- 
sponding fall  of  temperature  when  the  pressure  was  very  suddenly 
"^ed.  The  copper-iron  circuit  is,  however,  too  little  sensitive  for 
^  accurate  measurements  ;  as,  from  the  nature  of  the  apparatus, 
the  wires  must  be  so  thin  as  to  have  considerable  resistance,  and  the 
"ttrmoelectric  power  of  the  combination  is  not  large.  I  hope  soon 
^  htfe  wires  of  cobalt,  which  (associated  with  iron)  will  give 
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much  larger  indications  on  the  galvanometer — so  that  I  content 
myself  for  the  present  with  a  general  statement  of  the  results  for 
cork  and  for  vulcanized  india-rubber,  which  are  apparently  typical 
of  two  classes  of  solids  quite  distinct  from  one  another  in  their 
behaviour. 

In  the  case  of  india-rubber  the  rise  of  temperature  was  found  to 
be  about  1°'3  F.  for  each  ton-weight  of  pressure  per  square  inch,  up 
to  four  tons  at  least ;  and  the  fall  in  relaxation  was  almost  exactly 
the  same. 

With  cork  each  additional  ton  of  pressure  gave  less  rise  of 
temperature  than  the  preceding  ton ;  and  the  fall  on  relaxation  of 
pressure  was,  for  one  or  two  tons,  only  about  half  the  rise.  For 
higher  pressures  its  ratio  to  the  rise  became  greater.  Two  tons 
gave  a  rise  of  about  1°'6  F.,  and  a  fall  of  0°'9  F. 

With  the  same  arrangement,  the  fall  of  temperature  in  water 
suddenly  released  from  pressure  at  a  temperature  of  60' F.  was 
found  to  be  for 

One  ton-weight  per  square  inch  0'*-25  F. 
Two  „  „  0'-56 

Three  „  „  0^-93 

ur  „  „  r-35 

These  numbers  give  the  averages  of  groups  of  fairly  accordant 
results.  I  employed  cooling  exclusively  in  these  experiments, 
because  one  of  the  valves  of  my  pump  was  out  of  order,  and  the 
pressure  could  not  be  raised  at  a  uniform  rate.  The  effects 
obtained  for  successive  tons  of  pressure  are  thus,  roughly — 0'-25, 
0°-31,0°-37,  and  0-42  F. 

If  these  results  may  be  trusted,  they  probably  indicate  a  lowering 
of  the  maximum  density  point  of  water  by  pressure.  But  they 
must  be  received  with  caution,  because  the  galvanometer  readings 
were  all  very  small ;  and  specially  because  the  heating  effect  for  one 
ton  at  60**  F.  should  be  (by  Thomson's  formula)  0**-32  F.,  instead  of 
0°*25  F.  as  observed.  Thomson's  formula  agrees  very  closely  with 
the  result  for  four  tons  pressure,  so  that  it  is  possible  that  the 
cooling  found  for  the  lower  pressures  is  subject  to  some  error  in 
defect. 

I  hope  to  settle  this  question,  with  more  sensitive  apparatUF, 
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during  next  winter  by  operating  on  water  at  about  39**  F.  In  this 
case  theie  should  be  no  change  of  temperature  unless  the  maximum 
density  point  is  altered  by  pressure. 


Monday,  6ih  June  1881. 

Professor  Sib  WYVILLE  THOMSON,  Vice-President, 

in  the  Chair. 

The  following  Communications  were  read : — 

1.  On  the  Structure  of  the  Skeleton  of  TvMpora  mvsica,  and 
on  the  Eelation  of  the  Genus  Tvhipora  to  Syringopora, 
By  H.  Alleyne  Nicholson,  M.D.,  D.Sc. 

The  object  of  the  present  communication  is  to  briefly  consider 
the  general  and  minute  structure  of  the  corallum  of  the  recent 
TvhijiOTa  mudca,  with  special  reference  to  the  association  of  the 
genus  TMpora  with  the  extinct  genus  Syringopora,  as  advocated 
hy  many  modem  naturalists.  The  method  of  inquiry  that  1  have 
ponued  in  carrying  out  this  investigation  has  been  principaUy  that 
of  preparing  similar  thin  and  transparent  sections  of  both  the  recent 
and  the  extinct  types ;  and  though  there  are  special  difficulties  in 
the  way  of  any  examination  of  Tuhipora  by  this  method,  I  have 
W  able  to  overcome  these  in  a  satisfactory  manner,  and  to  prepare 
a  number  of  thin  sections  which  answer  all  the  requirements  of  the 
<^wet  The  results  of  my  observations  may  bo  conveniently  con- 
«ideted  imder  the  following  heads : — 

1.  General  structure  of  the  corallum  of  Tvhipoi'a, 

2.  Minute  structure  of  the  corallum  of  Tubipo^'o, 

3.  General  structure  of  the  corallum  of  Syringopora. 

4.  Minute  structure  of  the  corallum  of  Syringopora, 

5.  Supposed  relationships  between  Tvhipora  and  Syringopora, 

!•  General  structure  of  the  corallum  of  Tuhipora, — The  corallum 
of  TvbipcTa  musiea^  Linn.,  is  one  so  familiar  to  naturalists  that  the 
Polarities  of  its  external  form  hardly  need  to  be  noticed.  It 
^^^'i^Hists  of  a  number  of  fasciculate  cylindrical  tubes  or  thecse,  which 
^  <epaiated  by  small  intervals  from  one  another,  and  are  upon  the 
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whole  parallel  in  their  course,  though  they  diverge  to  a  greater  or 
less  extent  as  we  pass  from  the  fixed  hase  to  the  surface  of  the 
colony.  The  entire  corallum  is  of  a  bright  red  colour,  the  inner 
surfaces  of  the  tubes  being,  however,  usually  lighter  in  colour  than 
the  outer  surface.  The  cylindrical  thecae  are  bound  together  by  hori 
zontal  calcareous  floors  (the  so-called  ''  external  tabulae  '*)  which  are 
placed  at  varying  distances  apart  in  different  specimens,  but  which 
are  often  disposed  with  considerable  regularity,  so  as  to  form  a  series 
of  concentric  laminae  parallel  with  the  upper  surface  of  the  colony. 
These  horizontal  floors  unite  the  otder  surfaces  of  the  corallites; 
and,  as  pointed  out  by  Professor  Perceval  "Wright  ("Ann.  Nat 
Hist.,"  ser.  4,  voL  iii.  p.  381),  they  are  really  produced  by  the 
coalescence  of  periodically-produced  horizontal  offshoots  or  exten- 
sions from  the  upper  extremity  of  the  tubes.  Each  offshoot  consists 
of  "a  fold  of  the  ectoderm,  into  which  some  of  the  endodermic 
layer  is  tucked,^'  and  by  the  calcification  of  the  ectodermal  layer  the 
connecting-floors  are  produced.  From  the  upper  surfaces  of  the  con- 
necting-floors new  corallites  are  budded  forth,  the  upward  expansion 
of  the  colony  being  due  to  the  interpolation  in  this  way  of  new 
tubes,  as  can  be  readily  observed  in  the  dead  corallum.  Horizontal 
sections  through  the  connecting-floors  show  them  to  be  traversed 
by  a  system  of  comparatively  large-sized,  branching,  horizontal 
canals,  which  open  at  their  extremities  directly  into  the  cavities 
of  the  polypes  (fig.  1,  b).  Hence,  if  we  open  one  of  the 
thecae  at  what  we  may  call  one  of  its  "  nodes  " — that  is  to  say,  at  a 
point  where  it  is  embraced  by  one  of  the  connecting-floors,  we  find 
a  ring  of  rounded  apertures  corresponding  with  the  openings  of  the 
canals  just  spoken  of  (fig.  1,  a).  If,  also,  we  examine  the  broken 
or  cut  edge  of  one  of  the  connecting-floors,  we  observe  the  round  and 
comparatively  large  orifices  of  the  same  canals  as  they  traverse  the 
interior  of  the  floor.  By  means  of  this  system  of  canals,  the 
visceral  chambers  of  the  polypes  composing  a  colony  are  placed  in 
direct  communication. 

Though  the  connecting-floors  of  the  colony  are  often  spoken  of  as 
"  external  tabulae,"  they  have  in  reality  nothing  in  common  with 
the  transverse  plates  or  true  "  tabulae  "  which  intersect  the  visceral 
chambers  of  the  corallites  in  such  forms  as  Favoiites,  The  only 
structures  in  Tubipora  which  can  be  even  remotely  compared  with 
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llie  proper  tj^hiijia  of  FaoosUet  or  of  Syringopora  aie  to  be  found 
io  a  peculiar  axial  calcaieoua  tube  wliicli  may  often  be  found  in 
the  centre  of  the  visceral  chambers  of  the  coraUites.  When  preaont, 
tliis  tube  (^.  1,  o)  is  never  continuously  developed  throughout  tbo 
entile  length  of  the  thecte,  but  becomea  dUa(«d  at  every  node  (i.e., 
it  the  levels  conesponding  with  the  external  connecting-floors)  into 


^«  llir 


^<t  \.~k.  Part  of  a  tubeof  TiAipora  mntiea,  Linn.,  divided  longitniUiiBUj, 
•IwwiDg  the  openiDgs  of  the  ranal-sjatem  of  the  connecting-foors  into  the 
•iKtnl  chamlwr  of  the  poljpe.  B,  Port  of  a  liorizontal  ecction  taken  at 
the  kvrf  of  one  of  the  connectiog-floore,  showinff  the  canaJ-ayatem  of  the 
Miuucting-Boor.  c,  P&rt  of  a  coraUite  of  Tubipora  divided  langitudin- 
•Uj,  ihowing  the  axial  tube  ;  in  the  lower  portion  of  the  figure  the  axial 
tube  ia  luil  open.    All  the  Ggnres  are  enlarged  Gve  times. 

1  hnsel-eluped  expansion,  which  fuses  with  the  wall  of  tbo 
nasal  chamber.  The  axial  tuba  itself,  so  far  aa  I  have  seen,  is 
ilnjg  open  along  its  entire  length,  and  is  not  crossed  by  any 
hitenal  partitions ;  nor  have  I  ever  observed  it  to  be  in  any  way 
<Hui6cled  with  the  inner  waU  of  the  visceral  chamber,  except  iu 
Um  maniwr  above  indicated  at  the  nodal  poiuts  of  the  theca. 

The  sboTe-mentioned  axial  tube  seems  in  some  specimens  not  to 
badtveloped  in  any  of  the  corallitcs;  at  other  times  it  is  developed 
Unuay  of  the  corallites  of  a  colony,  but  not  in  others.  Its  existr 
'M  was  first  pointed  out  by  Mr  Charles  Stewart,  F.L.S.,  in  a  paper 
■hich  I  Dofortunately  have  not  seen,  by  whom  it  was  compared  with 
tbt  tnfundibulifonn  tabnha  and  axial  tube  of  Syringopora,  a  view 
''lich  has  been  since  adopted  by  Mr  Moseley  ("  Voyage  of  H.M.S. 
'^'■tlln^,"  vol  ii  p.  125).     1  shall,  however,  subsequently  give 
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the  reasons  which  load  me  to  believe  that  there  is  in  reality  in- 
sufficient ground  for  this  comparison,  and  that  the  structures  in 
question  are  morphologically  different. 

Finally,  no  traces  of  septa,  either  in  the  form  of  radiating 
lamella3,  or  of  vertically  disposed  spinules,  or  even  as  those  plications 
of  the  wall  which  constitute  the  "  pseudosepta  "  of  Heltopora,  have 
been  detected  in  Tubtpora. 

2.  Minute  structure  of  the  skeleton  of  Tuhipora, — ^The  micros- 
copic structure  of  the  corallum  of  Tvhipora  was  first  investigated  by 
Kolliker  ("Die  Bindesubstanz der Coelenteraten,"  p.  169, 1866), and 
very  correctly  described  and  figured.  Professor  Perceval  Wright 
subsequently  showed  ("Ann.  Nat  Hist,"  ser.  4,  voL  iii  p.  377), 
that  the  corallum  is  really  formed  of  fusiform  calcareous  spicula, 
secreted  by  the  ectoderm.  Over  the  greater  part  of  the  theca  these 
spicules  become  completely  amalgamated  with  one  another,  so  as  to 
form  a  rigid  case ;  but  they  remain  loosely  united  or  separate  at  the 
growing  summits  of  the  tubes,  which  are  thus  capable  of  withdrawal, 
during  the  retraction  of  the  polypes,  into  the  dense  portion  of  the 
thecae. 

As  the  result  of  my  oWn  recent  observations,  carried  on  princi- 
pally by  means  of  thin  transparent  sections,  I  find  that  the  entire 
calcareous  skeleton  of  Tuhipora,  as  pointed  out  by  Kolliker,  is  per- 
meated throughout  by  a  system  of  minute,  parallel,  closely  approxi- 
mated tubules  or  canaliculi,  which  sometimes  bifurcate,  and 
occasionally  anastomose.  In  the  waUs  of  the  corallites  themselves 
these  tubuli  (fig.  2  a),  run  at  right  angles  to  the  inner  and  outer 
surfaces  of  the  thecae,  opening  both  externally  and  internally  by 
well-defined,  rounded,  and  slightly  dilated  apertures  (fig.  2,  b),  which 
can  be  readily  observed  by  the  examination  of  any  fragment  of  the 
skeleton  by  means  of  a  hand-lens  or  with  a  low  power  of  the 
microscope.  In  the  connecting-floors  of  the  corallum,  these  tubuli 
are  just  as  numerous  and  as  well-developed  as  in  the  walls  of  the 
corallites,  but  here  they  run  at  right  angles  to  the  floor,  either  passing 
right  through  from  the  upper  to  the  lower  surface,  or,  more  usually, 
opening  internally  into  the  large  ramified  canals  which  run  in  sub- 
stance of  the  connecting-floors,  and  connect  the  visceral  chambers  of 
adjoining  polypes.  It  follows  from  the  above  that  the  skeleton  of 
Tuhipora  is  in  reality  completely  porous,  the  canaliculi  by  which  it 
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is  penetrated,  though  minnte,  being  quite  large  enough  to  be  at 
once  reK^ised  by  the  use  of  a  lens.  The  precieo  appearances 
presented  by  these  caaalicnli  in  thin  alicea,  vary  according  to  the 
iiectioD  in  which  the  section  baa  been  taken.  Thus,  in  sections 
tiken  transversely  to  the  corallites  {fig.  2,  a),  the  tubuli  are  cut  in 


^  l— i,  Tmurerae  »oction  of  a  corallite  of  TuMpora  musica,  Linn. ,  taken 
it  tlic  level  of  one  of  the  connectiEg-floors,  enlarged  twenty  timta,  showing 
tbt  tabnii  of  the  iralL  b,  Portion  of  the  surf&ce  of  one  of  the  connecting' 
toon,  enlarged  twenty  times,  showing  the  external  openingi  of  the  tnbuli 
<it  the  skeleton,  c,  Fragment  of  the  corallnm  of  Tubipom,  enlarged 
Mtj  timeg,  showing  thu  composition  of  the  skeleton  ont  of  spioulee.  Ths 
igtre  is  talen  from  a  thin  section  which  divides  the  tubuH  of  the  skeleton 
tt  ri^t  uigles. 

IIk  direction  of  their  length ;  and  the  same  is  true  of  sections 
*tiich  ate  taken  parallel  to  the  coTaUitee,  but  which  lay  open  the 
Tw«nl  chambers  of  the  latter.  On  the  other  hand,  sections  through 
""e  wills  of  the  corallites  taken  parallel  to  the  visceral  chamber, 
""1  KctioiiB  of  the  connecting-floors  taken  parallel  to  their  upper  or 
'>*er  Bnrfacee,  cat  the  canallcnli  at  right  angles,  so  that  these 
'pp«Mas  minute  rouuded  or  oval  pores  in  the  skeleton. 

The  only  other  points  connected  with  the  minute  structure  of  the 
iditon,  as  revealed  by  thin  sections  SitQ,— firstly,  that  it  is  easy 
'o  obseive  that  the  corallum  is  made  up,  ae  pointed  oat  by  Pro- 
^"■w  Perceval  Wright,  of  a  network  of  irregular  fusiform  spicules 
^Mdlcgether  {fig,  2,  c),  and  secondly,  that  the  marked  red  color- 
"^  of  the  skeleton  resides  chiefly  in  outer  layer  of  the  thece,  the 
■"w  layer  being  nearly  or  quite  white. 

TOLII.  2  p 
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3.  OenercU  structure  of  the  coraUum  of  Syringoporcu — The  genus 
Syringopora,  Groldfuss,  is  one  well  known  to  naturalists,  and  its 
leading  stractuial  characters  have  heen  fully  descrihed  by  myself, 
(*'  Paleozoic  Tabulate  Corals,"  p.  207).  As  my  object  on  the  present 
occasion  is  simply  to  compare  it  with  TuhiporOy  it  will  be 
unnecessary  for  me  to  do  more  than  merely  to  draw  attention  to 
some  of  its  more  striking  characters.  The  corallum  in  this  genus 
is  composed  of  fasciculate  cylindrical  calcareous  tubes,  which  are 
placed  at  variable  but  slight  intervals,  and  diverge  slightly  as  the 
surface  of  the  colony  is  approached,  owing  to  the  interpolation  of 
new  tubes.  The  visceral  chambers  of  adjoining  corallites  are 
placed  in  direct  connection  by  means  of  hollow,  usually  cylindrical, 
horizontal  connecting-processes  or  tubes.  These  connecting-tubes 
are  generally  quite  distinct  from  one  another,  and  placed  at  toler- 
ably regular  and  moderately  distant  intervals ;  but  they  are  some- 
times developed  in  successive  whorls  (as  in  8.  vertteiUatOj  Goldf), 
or  the  verticils  may  coalesce  so  as  to  give  rise  to  almost  uninter- 
rupted horizontal  connecting-floors  (as  in  S.  tabulate^  Van  Cleve). 
In  this  latter  case,  the  mere  external  similarity  of  the  corallum  to 
that  of  Tuhipora  is  very  striking. 

As  regards  the  internal  structure  of  the  corallites  of  Syringopora, 
the  visceral  chamber  of  each  tube  is  always  subdivided  by  a 
remarkable  and  well  developed  system  of  tabulffi.  These  tabulae 
are,  typically,  more  or  less  infundibuliform,  and  they  generally 
become  invaginated  in  such  a  manner  as  to  give  rise  to  a  central 
cylindrical  tube,  which  occupies  the  axis  of  the  visceral  chamber 
(fig.  3,  a).  This  axial  tube,  however,  is  in  no  respect  a  distinct  or 
separate  structure;  but  it  is  simply  a  central  space  left  by  the 
union  of  funnel-shaped  tabulae,  and  often  broken  up  by  the 
inward  prolongation  of  these  across  its  central  cavity.  In  all  the 
species  of  Syringopora^  also,  the  corallites  are  provided  with  a  well- 
developed  system  of  septa.  The  septa  (fig.  3,  a  and  b),  are  entirely 
of  the  "  Favofidtoid  "  type,  or  of  the  type  of  the  septa  PorHes^  being 
never  lamellar,  but  having  in  all  cases  the  form  of  slender  spines 
arranged  in  vertical  rows.  They  never  extend  more  than  a 
limited  distance  into  the  visceral  chamber,  but  they  vary  in  length, 
the  larger  species  seeming  to  have  about  twenty  rows  of  septal 
spines  to  each  corallite. 
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4.  ifinuis  structuiv  of  the  eorallum  of  Syringopora. — The 
miiiDte  ■tmctore  of  the  eorallum  of  Ryriagopora  is  beat  stodied  in 
Uuo  tnnsrene  aectiona  of  the  corallites.  When  ezammed  in  mich 
Mctiou^  the  wdl  of  the  tafaea  ia  eeen  to  be  compoaed  of  dense 
iadiatiaetly  fibious  or  grannlat  ederenchTma  (fig.  3,  a),  and  to  be 


"t  &--^  Trunrorse  Bcctiou  of  a  corallite  of  Syringopora  rclieulala,  Qolilf., 
■nhiged  twelve  times,  showing  the  thick  compact  wall,  the  cut  edges  of 
tb*  infoiidibnlifarm  tabnln,  ud  the  aeptal  spines,  b,  Part  of  the  wall 
(f  tka  aune  wction  uolarged  stilL  fnither,  showing  the  composition  of  the 
*ill  oat  of  an  outer  light  U;er  and  on  inner  dark  la;«r,  and  the  origin 
of  the  aeptal  spines  from  the  outer  layer,  c,  Longitudinal  section  of  a 
DUallite  of  the  same,  enlarged  twelve  times.  The  section  peases  obliqnelj 
thnaf^  the  coTallite,  and  coneequeotly  shows  different  appearances  in 
difTnent  parts  of  its  conne.  At  a  it  cots  through  the  inner  layer  of  the 
■iU,  and  exhibits  the  divided  btsee  of  the  septal  epines  a«  Tons  of  light- 
Mloilrcd  spots  (these  are  nnfortonatel;  left  quite  white,  as  if  tbey  were 
Mtuall;  foramina,  whereas  they  should  properly  have  been  faintly 
•liaded);  at  b  it  cuts  tlirongh  the  viscenJ  chamber  near  its  periphery, 
ud  ahowi  the  cnt  ends  of  the  septal  epinos  as  rows  of  dark  spots ;  and 
Uow  this  point  it  becomes  more  nearly  central,  and  shows  the  infiuidi- 
Inlifono  tabula.     From  the  Carboniferous  Limestone,  Westmoreland. 

(■titely  devoid  of  an;  ayEitem  of  minute  tubuli  or  canalicuU.  The 
"lU,  in  bet,  ia  qoite  compact,  and  the  visceral  chambers  of  the 
Hfpea  communicate  with  one  another  at  no  points  except  where 
Um  connecting-tubes  of  the  colony  may  be  developed.  Very 
S'Hiilly,  the  wall  ia  distinctly  composed  of  two  layers,  viz.,  the 
oolsr  dense  layer  just  spoken  of  and  an  internal  layer  of  lamiaated 
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or  markedly  fibrous  sclerenchyma  (fig.  3,  a  and  b).  When  thifl  is 
the  case,  the  outer  layer  is  usually  of  a  conspicuously  lighter  colour 
than  the  internal  layer,  and  this  gives  rise  to  certain  phenomena 
which  deserve  a  moment's  notice.  When,  namely,  these  two 
layers  exist,  the  septal  spines  (fig.  3,  b)  always  take  their  origin 
from  the  outer  light-coloured  layer,  and  penetrate  through  the 
inner  laminated  and  dark  layer  on  their  way  to  the  visceral 
chamber.  Hence,  in  longitudinal  sections  which  divide  the  waU 
of  the  corallites  (fig.  3,  o),  we  observe  vertical  rows  of  small 
rounded  spaces,  which  have  a  lighter  colour  than  the  surrounding 
tissues.  These  light  circular  spaces  might  easily  be  mistaken  for 
pores  in  the  wall,  or  for  transverse  sections  of  canals  running  in  the 
wall ;  but  they  are  really  the  cut  ends  of  the  spiniform  septa 
divided  near  their  bases. 

5.  Supposed  relationships  between  Tubipora  and  Syringopora, — 
Owing  to  the  marked  external  resemblance  which  subsists  between 
the  corallum  of  Tubipora  and  that  of  Syringopora,  it  has  been 
commonly  held  by  naturalists  that  the  two  genera  are  nearly  related, 
and  that  the  latter  genus  is,  therefore,  referable  to  the  Alcyonaria. 
Amongst  the  later  authorities  who  have  adopted  this  view  may  be 
mentioned  Zittel  ("Handbuch  der  Pal»ontologie,"  voL  L  p-  211) 
and  Moseley  ("Voyage  of  H.M.S.  Challenger,"  vol  ii  p.  125).  My 
own  view,  on  the  other  hand,  has  been  that  there  is  no  real  afi^ty 
between  Tubipora  and  Syringopora,  and  that  the  latter  is  really 
referable  to  the  Zoantharia  perforata,  and  allied  to  the  Favositidse 
("  PalsBozic  Tabulate  Corals,"  p.  213).  In  considering  this  question 
with  a  view  to  arriving  at  some  decided  conclusion,  it  may  be  as 
well  to  summarise  the  chief  points  of  hkeness  and  unlikeness 
between  Tubipora  and  Syringopora,  The  points  of  resemblance 
between  the  two  genera  are  as  follows : — 

(a.)  It  must  be  admitted,  in  the  first  place,  that  there  exists  a 
very  remarkable  general  likeness  of  the  corallum  of  Tvhipora  to  that 
of  Syringopora,  In  both,  namely,  the  corallum  consists  of  slightly 
separate  cylindrical  corallites,  of  comparatively  great  length,  bound 
together  by  horizontal  processes  or  floors. 

(6.)  A  still  more  striking  point  of  likeness,  as  of  a  really  much 
more  fundamental  character,  is  to  be  found  in  the  fact  that  in  both 
genera  the  visceral  chambers  of  the  polypes  are  placed  in  direct 
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oommmiicatioii  by  horizontal  canals,  which  run  in  the  interior  of  the 
connecting-piocesses  or  connecting-floors,  to  which  I  have  alluded 
oboYe. 

(c)  A  third  point  in  which  it  has  been  alleged  that  the  corallum 
of  Tubipora  resembles  that  of  SyringoporUf  ia  the  presence  in  both 
genera  of  an  axial  tube  occupying  the  centre  of  the  visceral  cham- 
becs  of  the  corallitea     Here,  however,  we  have,  in  my  opinion,  to 
deal  with  a  merely  apparent  similarity  and  not  with  a  case  of  true 
homology.     It  is  true  that  the  axial  tube  of  Tvbipora,  when  it  is 
pteaent,  is  not  imlike  in  appearance  to  the  axial  tube  of  Syringopora^ 
Wt  there  are  important  differences  between  these  structures  to  be 
noted.    Thus,  the  axial  tube  of  Tubipora  is  an  apparently  inde- 
pendent calcareous  structure,  which  has  no  connection  with  the  wall 
of  the  visceral  chamber  save  only  at  the  nodal  points  of  the  condlite 
(u,  at  the  points  opposite  to  the  origin  of  the  horizontal  connecting- 
floors),  where  it  becomes  connected  with  the  inner  surface  of  the 
theca  by  a  funnel-shaped  expansion  of  both  its  upper  and  lower 
extremities.     In  my  view,  therefore,  there  exist  no  "  tabula  "  in 
Txiii]pcfra.    Moreover,  the  axial  tube  entirely  resembles  the  wall  of 
the  theca  in  being  composed  of  fused  spicules,  and  it  is  penetrated 
^  the  same  close-set  canaliculi.     What  its  precise  nature  may  be  it 
is  difficult  to  say,  but  it  is  possibly  due  to  a  progressive  calcification 
of  the  wall  of  the  gastric  sac  from  below  upwards  as  the  polype 
glows  upwards  in  the  progressively  lengthening  theca.     At  any  rate, 
it  is  interesting  to  notice  that  the  only  points  at  which  it  has  any 
<5onnection  with  the  wall  of  the  theca  are  just  those  points  which, 
M  shown  by  Professor  Perceval  Wright,  mark  the  periodic  growth 
from  the  summit  of  the  polype  of  the  horizontal  outgrowths  which 
gi^e  rise  to  the  connecting-floors  of  the  colony.     On  the  other  hand, 
^  80-called  axial  tube  of  Syrlngopora  is  not  in  any  way  an  inde- 
pendent and  definite  structure,  with  an  independent  and  definite 
^*D.    It  is,  rather,  simply  the  axial  space  formed  by  the  fitting 
^to  one  another  of  a  number  of  irregular  funnel-shaped  tahtdce ; 
*Dd  this  difference  is  well  shown  by  a  comparison  of  a  transverse 
^on  of  a  corallite  of  Tvhipora  with  a  similar  section  of  a  corallitc 
®^  SfringoporoL.     In  the  former  case,  we  see  simply  two  concentric 
'^  one  representing  the  wall  of  the  theca,  while  the  much  smaller 
umer  ring  represents  the  axial  tube,  the  two  having  absolutely  no 
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connection  with  one  another.  In  the  latter  caae,  on  the  contrary, 
the  section  of  the  eorallite  shows  a  number  of  inegulaxly  ooncentric 
lines,  marking  the  cut  edges  of  the  ensheathing  tabuke,  the  outer 
of  these  lines  being  in  connection  (as  a  rule)  with  the  wall  of  the 
theca,  while  the  innermost  encloses  the  cavity  of  the  axial  tube. 

While  the  above  are  the  real  or  supposed  points  of  resemblance 
between  Tubipora  and  Byringoporny  there  are  the  following  very 
important  differences  between  the  two  genera  to  be  observed. 

(a.)  In  the  first  place,  there  is  the  very  important  and  remark- 
able difference  in  the  minute  structure  of  the  calcareous  skeleton  in 
the  two  types  in  question.  In  Tubipora  the  corallum  is  made  up  of 
fused  calcareous  spicules,  which  are  so  disposed  as  to  give  rise  to  a 
universally  distributed  system  of  minute  canaliculi  or  tubuli,  which 
open  on  both  the  outer  and  inner  suri^uses  of  the  skeleton  by  well- 
marked  apertures.  The  size  of  these  tubuli  is  comparatively  so 
great  that  it  is  quite  impossible  that  their  presence  could  be  over- 
looked in  thin  sections  of  Syringopora^  if  they  really  existed  in  this 
genus.  On  the  other  hand,  the  skeleton  of  Syringopora^  as  regards 
its  minute  structure,  is  quite  compact,  and  shows  no  signs  whatever 
either  of  being  penetrated  by  a  system  of  tubuh,  or  of  being  formed 
by  the  fusion  of  ectodermal  spicules. 

(5.)  True  tabulae  are  always  present  in  Syringqpora^  and,  in  all  the 
typical  forms  of  the  genus,  have  the  character  of  a  series  of  invagi- 
nated  cones,  which  give  rise  centrally  to  an  axial  tube.  In  no 
specimens  that  I  have  ever  seen,  can  there  be  recognised  any 
similar  series  of  funnel-shaped  tabulae  in  Tubipora.  I  cannot,  in 
fact,  recognise  that  any  true  tabulae  are  present  in  Tubipora^  so  &r 
as  my  own  observations  enable  me  to  come  to  a  conclusion  on  this 
point,  and,  as  already  stated,  I  do  not  regard  the  axial  tube  of 
Syringopora  as  being  formed  in  the  same  way  as  the  somewhat 
similar-looking  structure  in  Tubipora^  or  as  really  being  homologous 
with  it 

(c.)  The  corallites  of  Syringopora  are  provided  with  a  well- 
developed  septal  system,  of  which  absolutely  no  traces  can  be 
recognised  in  Tubipora.  Moreover,  the  septa  of  Syringopora  are 
not  mere  marginal  plicae,  such  as  form  the  '*  pseudosepta  **  of 
Heliopora^  but  they  are  in  the  shape  of  vertically-arranged  rows  of 
spines  which  may  be  well  compared  with  the  septal  spines  of  such 
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undoubted  Zoantharians   as  Pontes,     A  stQl    closer    comparison 

might  be  made  with  the  septal  spines  of  many  species  of  FavositeSy 

but  it  is  nnnecessaiy  to  do  this,  as  the  reference  of  Favosites  to  the 

Zoantharia  would  not  be  universally  admitted.     Owing  to  their 

spinifonn  character  (instead  of  being  lamellar),  transverse  sections 

of  the  corallites  can  rarely  or  never  show  a  complete  cycle  of  the 

Bepta;  and  it  is,  therefore,  difficult  to  determine  how  many  rows  of 

septal  spnes  are  present  in  each  coralite.     There  is,  however,  no 

sofi&cient  reason  to  doubt  that  the  septal  spines  of  Syringopora  are 

like  those  of  Pontes  in  being  really  partial  calcifications  of  the 

loeienteriesy  00  that  they  are  properly  of  a  septal  nature. 

Taking  the  whole  of  the  preceding  evidence  together,  I  cannot 
avoid  coming  to  the  conclusion  that  the  points  of  difference 
between  Tvbipora  and  Syringopora  are  decidedly  more  important 
and  fundamental  than  the  points  of  resemblance.  I  am  not,  there- 
foTe,  ftt  present  disposed  to  alter  my  previously-expressed  opinion 
that  there  exists  in  reality  no  actual  relationship  between  these  two 
S^eia,  nor  am  I  prepared  to  admit  that  Syringopora  should  be 
nghtly  referred  to  the  Alcyonaria.  On  the  contrary,  I  think  the 
evidence  which  is  at  present  available  to  be  decidedly  in  favour 
<*^  Review  that  Syringopora  belongs  to  the  ZoantJiaria  perforata^ 
^  that  its  nearest  allies  are  to  be  sought  for  in  the  Favositidse, 
the  amgolar  genus  SyringolUes  (Hinde),  forming  a  transition 
between  Favosites  and  Syringopora,  I  am  aware  that  Mr  Moseley, 
^hofle  opinion  in  such  a  matter  deservedly  carries  exceptional 
^^ight)  is  inclined  rather  to  believe  that  Favosites  and  its  allies 
^^  be  referred  to  the  Alcyonaria,  Into  this  question  I  cannot 
^ter  at  this  moment ;  but  I  hope  to  be  able  on  a  future  occasion 
to  show,  by  means  of  thin  sections  of  both  types,  that  the  affinities 
of  Faixmtes  are  distinctly  with  Porites^  and  that  the  former  genus 
I^^ly  belongs,  as  maintained  by  Yerrill,  Zittel,  and  myself,  to 
the  Zoantharia  perforata. 
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2.  On  an  Iodine  Battery.    By  Mr  A.  P.  Laurie. 
Communicated  by  Professor  Tait. 

This  is  a  one  fluid  battery.  The  two  plates  are  zinc  and  carbon. 
The  solution  is  a  solution  of  iodide  of  potassium  in  water,  in  which 
iodine  is  dissolved.  The  usual  strength  I  use  is  1  oz.  of  iodide 
of  potassium  in  2  oz.  of  water.  In  this  dissolve  \  oz.  of  iodine, 
but  the  strength  of  the  iodine  and  of  the  iodide  of  potassium  can 
be  considerably  varied  without  affecting  the  electromotive  force. 

The  iodine  is  meant  to  prevent  polarization  by  uniting  with  the 
nascent  hydrogen  to  form  hydriodic  acid,  which  will  then  unite 
with  the  caustic  potash,  to  form  *  iodide  of  potassium  and  water. 
In  this  way  the  iodide  of  potassium  acts  as  a  carrier  of  iodine,  from 
the  iodine  in  solution,  to  the  zinc  plate. 

It  is  quite  possible,  however,  that  the  iodine  acts  directly  on  the 
zinc  plate. 

I  made  the  following  experiments  :— 

On  connecting  a  single  cell  with  a  quadrant  electrometer,  I  got 
a  deflection  of  60  divisions.  The  zinc  and  carbon  weie  then  con- 
nected by  a  short  wire  for  ten  minutes,  and  again  rapidly  connected 
with  the  electrometer. 

The  deflection  was  now  58.  It  was  joined  up  for  another  ten 
minutes,  the  deflection  was  then  57. 

The  first  reading,  namely  60,  was  unusually  high,  as  in  no  future 
case  did  I  get  more  than  58  or  59  to  start  with. 

The  following  experiment  is  more  trustworthy  : — 

Initial  deflection  58.  Current  allowed  to  run  for  thirty  minutes, 
deflection  57.  I  tried  a  whole  series  of  metals,  but  found  none  so 
good  as  zinc. 

The  zinc  cannot  be  amalgamated,  as  the  solution  acts  on  mercury. 
In  all  these  experiments  I  used  commercial  zinc.  If  it  is  left  in 
the  solution  it  is  slowly  dissolved,  and  must  therefore  be  removed 
from  the  solution,  when  the  battery  is  not  working. 

I  made  up  a  Daniell  cell  with  a  saturated  solution  of  sulphate  of 
copper,  and  1  of  commercial  sulphuric  acid  in  12  of  water.  The 
Daniell  gave  a  deflection  of  54,  while  my  cell  gave  a  deflection  of 
56.     Its  electromotive  force  is  therefore  about  one  Volt 
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I  haye  lately  tried  iodide  of  zinc  in  place  of  iodide  of  potassinro. 
The  electromotiye  force  is  the  same,  and  in  other  respects  it  does  as 
well,  iodine  being  very  soluble  in  it  By  using  it,  the  formation  of 
new  salts  in  the  cell  is  avoided. 

The  advantages  of  this  cell  are  that  it  gives  a  fairly  constant 
electromotive  force,  and  can,  if  the  zinc  is  removed,  be  left  standing 
imiiaed  for  any  length  of  time.  This  is,  of  course,  impossible  in  the 
case  of  the  DanielL 


3.   Note  on  Chemical  Affinity  and  Atomicity. 

By  William  Durham. 

{Alstrad) 

The  theory  of   "Valency"  or  " Atomicity,**  while  explaining 

tttiafactorily  many  chemical  phenomena,  still  leaves  unexplained 

niany  facts,  such,  for  instance,  as  the  varying  atomicities  of  several 

^ents,  the  composition  of  double  salts,  water  of  crystallisation, 

&c   This  arises  from  assuming  that  chemical  affinity  acts  in  an 

atomic  indivisible  manner,  which  is  not  warranted  by  the  facts. 

If  we  take,  for  instance,  nitrogen  in  the  compound,  NH,  and  NH^Cl, 

it  acts  in  the  one  case  as  a  triad,  while  in  the  other  it  is  said  to  be 

*  pentad.    Now,  in  the  case  of  the  NH^Cl  in  this  view,  we  have  the 

chlorine  represented  as  directing  all  its  affinity  to  the  nitrogen,  for 

^hich  it  usually  has  such  a  feeble  affimty,  while  it  has  no  action 

on  the  hydrogen,   for  which  its  affinity  is   usually  so  intense. 

^ow,  if  we  get  rid  of  the  idea  of  the  atomic  action  of  affinity,  we 

^7  tepresent  the  chlorine  dividing  its  action  among  all  the  four 

atoms  of  hydrogen,  giving  on  the  average  \  to  each;  and  the  nitro- 


H-Jlcl 


8*^,  in  the  same  manner,  giving  \  to  each ;  and  thus,  the  whole 
"molecule  is  hound  together, 
▼ou  XL  2  a 
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Similarly,  the  double  salts,  sach  as  the  chloride  of  potassium  and 
platinum,  may  be  represented  thus — 


The  same  principle  may  be  applied  to  water  of  crystallisation,  &c 
If  this  spreading  out  of  chemical  affinity  be  admitted,  it  may  be 
extended  to  include  solutions  and  other  weak  combinations;  thus,  a 
solution  of  salt  in  water  may  be  represented  thus — 


and  it  is  manifest  any  number  of  molecules  of  water  may  be  added ; 
each  one,  of  course,  weakening  the  bonds  of  union.  That  some 
such  action  as  this  takes  place  may  be  inferred  from  the  behaviour 
of  magnesium  chloride  in  water.  The  chloride  cannot  be  recovered 
by  evaporation,  because,  from  the  strong  affinity  of  the  magnesium 
for  oxygen,  and  of  chlorine  for  hydrogen,  double  decomposition  takes 
place,  and  hydrochloric  acid  is  liberated,  while  magnesium  oxide 
remains.  The  same  principle  is  illustrated  by  the  phenomena  of 
electrolysis,  with  the  varying  resistances  of  solutions  of  different 
strength,  causing  the  concentration  or  diffusion  of  the  chemical 
affinity. 

Alloys,  solution,  and  occlusion  of  gases  may  all  be  included 
under  the  law  of  the  spreading  of  chemical  affinity. 

There  are  also  some  physical  facts  on  which  it  may  throw  some 
light.  Thus,  the  fact  that  gases  in  their  behaviour  under  pressure 
indicate  first  an  attractive,  and  then  a  repellant  action  among 
their  molecules,  may  be  explained  by  the  influences  of  the  com- 
ponent parts  of  each  molecule  acting  on  its  neighbours,  and 
producing  attraction ;  while  the  repellant  action  may  be  accounted 
for  by  assuming  a  motion  of  revolution  round  an  axis  when  the 
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atoms  are  at  molecular  distances,  and  the  pressure  would  increase 
angular  velocity,  and,  consequently,  centrifugal  force  at  a  greater 
rate  than  the  attractive  force. 
Andrew's  critical  point  may  be  explained  in  the  same  manner. 

4.  On  the  Physical  and  Biological  Conditions  of  the  Channel 
between  Scotland  and  the  Faro  Islands.  By  Sir 
Wyville  Thomson. 

BUSINESS. 

The  following  candidates  were  balloted  for,  and  declared  duly 
elected  Fellows  of  the  Society :— Mr  A.  J.  D.  Cameron,  the  Right 
Hon.  the  Earl  of  Rosebery,  Mr  Walter  Berry,  Mr  John  Johnston 
person,  and  Surgeon-Major  J.  K  Tiemey  Aitchison,  M.D. 


Monday,  20th  June  1881. 

Professor  MACLAGAN,  M.D.,  V.P.,  in  the  Chair. 

The  following  Communications  were  read : — 

1.  On  a  Class  of  Sturmian  Functions. 
By  Professor  Chrystal. 

2.  Preliminary  Report  on  the  TuniceUa  of  the  "  Challenger  " 
Expedition.    Part  IV.    By  W.  A.  Herdman,  D.Sc. 

(By  permisffion  of  the  Lm'ds  Commissioners  of  the  Treasury.) 

IV.  MOLOULID^ 

The  family  MdgtUidm  was  established  by  Lacaze-Duthiers  in 
lo77,*  and  distinguished  from  the  Cynthiad(Bj  with  which  it  had 
formerly  been  united  by  Heller,  t 

^Acaze-Buthiers  divides  the  species  known  to  him  into  four 
Sclera,— ilntirc/Zflr,  Molgulay  Ctenicdla,  and  Eugyra, — of  which 
Annrdla  forms  a  sub-family  or  section  the  MolgvlidcB  anurm,  the  other 
wwe  constitating  the  Molgulidce  uroddoe.  The  character  by  which 
Anwrf^  is  distinguished  from  the  other  genera  is  the  tail-less 

*  Arch.  ZooL  Exp^r.,  vol.  vi.  p.  457. 

^  UBtenach.  iL  d.  Tunic,  d.  Adriat.  a.  Mittelnieer.,  Abth.  III.  p.  1. 
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amoeboid  larva ;  but  this  most  interesting  developmental  difference 
does  not  seem  to  be  accompanied  by  any  structural  features  in  the 
adult  animal,  and  consequently  it  becomes  impossible  to  distinguish 
the  genus  unless  one  examines  the  animal  alive  and  at  the  breeding 
season. 

I  have  therefore  found  it  impossible  to  follow  Lacaze-Duthiers 
in  his  primary  division  of  the  MolgulidaB,  and  have  been  compelled 
in  classifying  the  '' Challenger''  species  to  consider  Anurdla  and 
'Molgula  as  one  genus.  Whether  CteniceUa,  separated  from 
Molgula,  on  account  of  its  laciniatcd  lobes  round  the  apertures, 
will  stand  as  a  good  genus,  I  am  uncertain.  The  character  is  a 
useful  one  for  working  with,  and  the  structure  of  the  apertures 
seems  always  an  important  point  in  the  Tunicata.  Ctenicdla 
does  not  occur  in  the  "  Challenger  **  collection.  The  two  remaining 
genera,  Molgvla  and  Eugyra,  seem  natural  groups,  and  are  both 
represented  in  the  collection. 

In  addition  to  the  above,  I  have  had  to  found  a  new  genus 
Aacopera  for  the  reception  of  two  large  species  from  the  Antarctic. 
Stimpson's  Glandula^  iisually  considered  one  of  the  Molgulidae, 
belongs  to  the  sub-family  Styelinse  of  the  CynthiadaB. 

Molgvla  gigantea,  Cunningham. 
This  largo  species,  first  found  by  Professor  R  0.  Cunningham 
in  the  "Nassau"  expedition,  and  described  by  him  as   Cynthia 
gigantea,  was  taken  in  considerable  numbers  by  the  *'  Challenger " 
in  the  Strait  of  Magellan. 

Station  313 ;  55  fathoms. 

Molgttla  gregaria,  Lesson. 

The  Cynthia  gregaria  of  the  "Centurie  Zoologique"  seems 
identical  with  specimens  dredged  by  the  "  Challenger "  at  Station 
315  (Falkland  Islands),  5  to  10  fathoms.  The  species  was  also 
obtained  at  this  locality  by  Professor  Cunningham  in  the 
**  Nassau.*' 

Molgula  pedunculata,  n.  sp. 
External  appearance. — Shape  ovate  or  pyriform,  elongated  trana- 
versely,  the  ventral  edge  forming  a  short  thick  stalk,  the  rest  of  the 
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body  globular,  slightly  compressed  laterally;  dorsal  edge  and  posterior 
end  convex,  attached  by  extremity  of  ventral  edga  Apertures 
l)oth  on  wide  anterior  end,  sessile,  not  conspicuous ;  atrial,  regularly 
lobed.  Surface  smooth.  Colour  white,  with  a  hyaline  tinge 
Length,  4  cm. ;  breadth,  5  cm. 

Test  cartilaginous,   thickish,  strong;  smooth  and  glistening  on 
mnei  surface. 
Momth  not  very  thick ;  muscle  bands  distinct,  but  distant. 
Branchial  sac  with  seven  folds  on  each  side.  Internal  longitudinal 
ban  strong,  placed  between  as  well  as  on  the  folds.     Transverse 
Tessels  variable.     Stigmata  arranged  in  irregular  transverse  rows, 
rarely  in  spirals. 
Dorwl  lamina  short,  but  very  wide  ;  plain. 
Tmtadea  large,  branched,  about  twelve  in  number,  placed  larger 
and  smaller  alternately.     One  very  large  one  occurs  at  the  ventral 
0^  just  anterior  to  the  extremity  of  the  endostyla 

Olfactory  tubercle  a  long  way  posterior  to  the  tentacular  circlet, 
equidistant  from  the  branchial  and  atrial  siphons;  horns  [simply 
*^inied  in,  opening  directed  dorsally  and  to  the  left. 

One  specimen  from  Station  150  (south  of  Kerguelen  Island) ; 
150  fathoms. 

Molffida  Jiorrida,  n.  sp. 

^^'^^timal appearance, — Shape  rudely  ovate;  posterior  end  rounded, 
^de  J  anterior  end  narrower;  ventral  edge  very  convex,  dorsal  concavo- 
convex  going  from  the  anterior  to  the  posterior  end.  Attached  by 
"le  ventral  part  of  the  left  side.  Apertures  both  at  the  anterior 
^  not  distant,  slightly  projecting,  lobes  irregular.  Surface 
^^  almost  entirely  covered  with  sand,  and  other  animals 
•^riug.  Colour — Where  visible,  the  test  is  dull  brown.  Length, 
^  cm. ;  breadth,  5  cm. 

^<^  thick  and  solid,  very  stiff;  smooth  and  glistening  on  the 
^er  surface. 

Monile  very  thick,  but  not  very  muscular ;  siphons  wide,  tubular. 

Branchial  «ae  of  a  dark  green  colour,  very  thick ;  seven  folds  on 
^u  aide.  Internal  longitudinal  bars  prominent,  connected  by 
hoiizoQtal  membranes ;  transverse  vessels  irregular ;  meshes  square, 
*M  cut  up  by  an  iir^;ular  network,  formed  by  vessels  arising  from 
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the  transverse  and  internal  longitudinal  bars.  In  this  network  lie 
the  delicate,  coiled  interstigmatic  vessels. 

Dorsal  lamina  short,  quite  plain ;  no  ribs  nor  teeth. 

Tentacles  large  and  branched,  dark  green,  ten  in  number,  with  a 
few  additional  very  small  intermediate  ones. 

Olfactory  tubercle  prominent,  both  horns  much  coiled,  forming 
large  spirals. 

Two  specimens  from  Station  315  (Falkland  Islands);  5  to  12 

fathoms. 

Molgvla  forhesi,  n.  sp. 

External  appearance, — Shape  globular,  slightly  elongated  dorso- 
ventrally,  not  compressed  laterally;  posterior  end  regularly  rounded; 
edges  convex;  anterior  end  slightly  projecting  and  flattened,  not 
attached.  Apertures  both  at  anterior  end,  not  distant ;  atrial  rather 
more  prominent  than  branchial,  both  slightly  projecting,  branchial 
pointing  ventrally.  Surface  entirely  covered  with  a  close  coating 
of  sand  grains.   Colour  dull  brown.   Length,  1  '8  cm. ;  breadth,  2  cm. 

Test  not  thick,  but  stiff ;  quite  opaque. 

Mantle  thin,  transparent,  viscera  seen  through  distinctly ;  muscle 
bands  numerous,  but  very  fine. 

Branchial  sac  with  seven  folds  on  each  side.  Internal  longi- 
tudinal bars  strong,  three  or  four  on  each  fold.  Stigmata  very 
irregular — being  straight,  and  arranged  in  transverse  rows  in  some 
places,  while  in  others  they  are  curved  and  arranged  in  spirals  or 
irregularly.  Transverse  vessels  varying  greatly  in  size  and  position, 
often  quite  irregular.  Delicate  horizontal  membranes  frequently 
present  between  the  folds. 

Dorsal  lamina^  a  short  and  narrow  membrane,  with  a  plain  edga 

Tentacles  compound,  about  twelve  large  and  twelve  small  placed 
alternately. 

Olfactory  tubercle  simple,  placed  at  the  posterior  end  of  a  deep 
and  irregular  peritubercular  area.  The  left  side  extending  further 
forwards  than  the  right ;  both  horns  turned  to  the  left. 

One  specimen  from  Port  Jackson,  Australia ;  2  to  10  fathoms 

Molgula  pyriformis,  n.  sp. 

External  appearance, — Shape  pyriform,  almost  triangular;  anterior 
end  wide,  truncated ;  posterior  narrow,  pointed ;  both  edges  convex. 
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The  widest  part  is  one-third  of  the  way  down,  and  from  there  both 

donal  and  ventral  edges  taper  rapidly  to  the  posterior  end;  not 

attached.     Apertures  at  the  extremities  of  the  flat  anterior  end,  not 

projecting,  inconspicuous ;  branchial  rather  the  more  anterior  of  the 

two.    Surface  entirely  covered  with  a  close  coating  of  sand  grains. 

Colour  dark  brown.     Length,  2  cul  ;  breadth,  1*5  cm. 

Test  thin,  but  stiff. 

MmUle  thin.     Musculature  moderately  developed. 
BranehicU  sac^  with  seven  folds  on  the  right  side  and  six  on  the 
left    These  folds  have  no  stigmata,  but  consist  merely  of  an  open 
network  formed  by  internal  longitudinal  bars  and  transverse  vessels, 
wbich  aie  frequently  joined  across  the  intervening  stigmatic  region 
hy  hoiizonal  membranes.     Fine  interstigmatic  vessels,  arranged  in 
ratlier  distant  and  irregular  rows  of  spirals.     Stigmata  curved  in 
the  Bpiials,  and  more  or  less  linear  between. 
^^onal  lamina  narrow  and  plain. 
TaUades  branched,  of  many  sizes. 

(^factory  tuberde  tubular,  having  a  wide  funnel-shaped  aperture 
Ulteriorly;  no  horns. 

One  specimen  from  Station  320  (off  the  coast  of  Buenos  Ayres), 
WO  fathoms. 

Eugyra  kergtielenensis,  n.  sp. 

^^cternal  appearance, — Shape  globular;  very  slightly  elongated 
aorso-ventrally ;  not  compressed  laterally;  posterior  end  rounded, 
^oi  attached.  Apertures  both  anterior,  conspicuous,  not  distant ; 
branchial  sessile ;  atrial  prominent,  forming  a  short  cylindrical  pro- 
i«ction.  Surface  smooth;  slightly  wrinkled  round  the  apei-tures. 
Colenr  light  transparent  grey.  Length,  including  atrial  siphon, 
2  cm. ;  breadth,  1-8  cm. 

Tegt  very  thin  and  transparent,  except  on  the  atrial  siphon. 

Mdnile  thin.     Muscular  fibres  few,  radiating  from  the  apertures. 

^Tonckud  sac  strong;  not  folded.  Internal  longitudinal  bars 
and  thin  bands.  Transverse  vessels  slight  and  irregular; 
^^^^  horizontal  membranes  usually  present.  Spirals  large  and 
much  coiled,  having  from  ten  to  thirty  turns  (generally  fifteen  to 
^fy)-  Radiating  vessels  slight ;  a  few  short  intermediate  ones 
H»n*ly  present. 
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Dorsal  lamina^  a  plain  broad  membiane. 

Tentacles  branched,  thin,  about  twelve  large  and  twelve  smaller, 
and  three  orders  of  simple  and  very  minute  ones  placed  alternately 
to  the  others. 

Olfactory  tubercle  having  an  elongated  oval  cavity,  ending  in  a 
quadrangular  aperture  anteriorly.     No  horns. 

Four  specimens  from  Kerguelen  Island ;  10  to  110  fathoms. 

Ascopera^  n.  gen. 

Body  pyriform,  more  or  less  pedunculated ;  attached. 
Test  thin,  between  membranous  and  leathery. 
Branchial  sac,  with  seven  folds  on  each  side.     Stigmata  straight 
or  curved,  but  not  arranged  in  spirals. 

Ascopera  gigantea,  n.  sp. 

Exte^^nal  appearance. — Shape  roughly  pyriform,  not  compressed 
laterally.  Anterior  end  wide,  truncated,  slightly  cleft  in  the  centre, 
ending  in  a  siphon  at  each  extremity.  Behind  the  siphons  the  body 
swells  out  into  a  globular  form,  and  then  becomes  continuous  with 
the  wide  stalk  formed  by  the  posterior  two-fifths  of  the  test.  Dorsal 
edge  rather  more  convex  than  ventral.  Attached  by  the  extremity 
of  the  posterior  end.  Apertures  both  at  anterior  end,  distant^  con- 
spicuous, wide ;  branchial  at  the  ventral  edge,  very  large,  funnel- 
shaped;  bent  round  so  that  the  opening  is  directed  posteriorly; 
atrial  at  the  dorsal  edge,  more  anterior  than  branchial,  wide,  directed 
anteriorly.  Surface  even ;  finely  roughened  all  over.  Colour  pale 
yellowish  grey-green.     Length,  30  cm. ;  breadth,  12  cm. 

Test  thin  and  almost  membranous,  but  tough ;  semi-transparent ; 
smooth  on  inner  surface. 

Mantle  delicate  and  membranous,  with  a  few  distant,  rather 
strong  muscle  bands  running  transversely  over  the  anterior  half  or 
so  of  the  right  side  and  the  left  side ;  only  absent  on  the  dorsal  part 
of  the  left  side  and  the  posterior  end. 

Branchial  sac  very  thin  and  delicate,  seven  folds  on  each  side ; 
those  next  the  endostyle  are  rather  slighter  than  the  others.    Internal 
longitudinal  bars  wide  and  delicate.    These  and  the  wide  and  distant 
transverse  bars  give  off  vessels  which  branch  and  anastomose,  forming 
an  irregular  network,  the  spaces  of  which  are  the  stigmata. 


of  Idinburgh,  Session  1880-81.  239 

Dorsal  lamina  short,  4  mm.  wide,  and  rather  thick.     No  rihs  nor 
teeth. 

Tentades  branched ;  eight  large  and  eight  small  placed  alternately, 
and  about  sixteen  very  minute  ones  placed  between  the  others ;  the 
largest  are  of  considerable  size,  and  are  strong. 
Olfactory  tubercle  large,  prominent     Both  horns  much  coiled. 
One  specimen  from  Station  150  (south  of  Kerguelen  Island); 
150  fathoms. 

Ascopera  pedunculaia^  n.  sp. 

ExtemaJ  appearance.  —  Club-shaped,  consisting  of  a  rudely 
diamond-shaped  body  on  a  thick  stalk,  somewhat  compressed 
laterally.  Anterior  end  straight,  wide,  truncated ;  dorsal  and 
ventral  edges  nearly  straight,  sloping  outwards  and  backwards  to 
the  wide  posterior  end ;  posterior  end  prolonged  into  the  long  stalk 
^hich  springs  from  its  ventral  edge,  and  is  twice  as  long  as  the 
l^ody.  The  stalk  is  thin,  being  compressed  laterally.  It  is  narrow 
where  it  joins  the  body,  and  increases  gradually  in  width  as  it 
proceeds  backwards,  till,  at  the  posterior  end,  where  it  is  attached, 
» 18  more  than  twice  its  original  width.  Apertures  at  the  extremities 
of  the  anterior  end,  distant,  conspicuous,  slightly  projecting,  dis- 
tinctly lobed ;  branchial  at  ventral  edge,  directed  ventrally ;  dorsal 
at  dorsal  edge,  directed  dorsally.  Surface  even,  slightly  roughened 
*11  o\rer.  Stalk  smooth.  Colour  pale  grey.  Length  of  body, 
7'5  cm. ;  breadth  of  body,  7  cm. ;  length  of  stalk,  17  cm. ;  breadth 
o^8talk,4-6cm. 

Tett  moderately  thick  and  tough  on  body ;  very  thin  and  mem- 
l^Qons  on  stalk. 

Mantle  thin  and  membranous,  or  semi-gelatinous.  The  posterior 
Pvt  is  prolonged  for  13  cm.  into  the  peduncle. 

Branchial  sac  with  seven  folds  on  each  sida  Internal  longitudinal 
^  delicate,  not  distant.  Transverse  vessels  rather  irregular; 
generally  several  more  or  less  perfect  smaller  vessels  between  the 
^let  onea  Meshes  greatly  elongated  transversely.  Stigmata  of 
^^Setmi  lengths,  but  all  running  longitudinally. 

^^onal  lamina  broad  but  thin  and  short 

Tentades  large,  branched,  sixteen  in  number;  placed  long  and 
■*^  alternately. 

▼OU  XL  2  H 


240 


Proaediaigs  of  the  Bayed  Society 


Olfactory  tuberde  prominent^  elongated  transverselyy  haying  the 
aperture  placed  laterally.     Horns  large,  both  coiled  outwards. 

One  specimen  from  Station  150  (south  of  Kerguelen  Island); 
150  fathoms. 

MOLGULIDiE. 


Branchial  sac  folded 


Branchial  sac  not  folded. 


Bu^yra. 


Stigmata  carved  or 
stnight,  neyerin 
spirals. 

I 

Aicopera. 


Stigmata  always  more 
or  less  spirally 

coiled.       E.  kerfftuleTisis. 

McHgtUa. 


Stalk  shorter  Stalk  longer    Body  not  pednncu-    Body  pedoncn- 

thanbody.  than  body.  lated.  lated. 


A,  gigantea.    A,  pedwicukUa, 


M,  ptdtmeukUa, 


With  sand,  &c.  ad- 
hering to  the  test. 


With  no   sand  adhering  to 
die  test 


Anterior  half  free 
from  sand. 


M.  ffigatUea. 


Entirely  covered    ^'  grtgmria. 
with  sand. 


Olfactory  tnbercle        Olfactory  tubercle  not  eoiled. 
much  coiled. 


Olf.  tub.  with  both  horns 
turned  to  the  left. 


M.  hcrrida.         M.  forbcai. 


Olf.  tub.  tubo- 
lar,  no  horns. 


M,  fyriformii. 
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3.  Comenic  Acid.    By  D.  B.  Dott.    Communicated  by 

Professor  Crum  Brown. 

In  continuation  of  a  short  paper  on  meconic  acid  previouBly 
communicated  to  the  Society,  I  submit  the  following  notice  of  some 
of  the  salts  of  comenic  acid. 

As  is  well  known,  comenic  acid  is  formed  from  meconic  acid  by 
elimination  of  carbonic  anhydride,  according  to  the  equation 
-C^H^O^-CeH^Og  +  COj.  This  change  may  be  effected  by  heat 
alone,  but  a  better  product  is  obtained  by  the  action  of  boiling 
aqueons  hydrochloric  acid.  It  was  by  the  latter  method  that  the 
acid  used  in  my  experiments  was  prepared.  Comenic  aoid  is  easily 
Fuified  by  crystallisation  from  boiling  water,  in  which  it  is 
sparingly  soluble,  and  by  conversion  into  ammonium  salt,  which  is 
likewise  purified  by  recrystallisation.  Comenate  of  ammonia  forms 
long  well-defined  prisms,  which  are  much  less  soluble  in  water  than 
tbe  conesponding  salt  of  meconic  acid. 

1  have  endeavoured  to  prepare  most  of  the  salts  of  comenic  acid 
M  dewribed  by  How*  and  others,  with  results  generally  in  aocord- 
uuie  with  their  experimenta  I  have  also  succeeded  in  obtaining 
^0  crystalline  comenates  of  silver,  or  rather  the  same  salt  crystal- 
lised in  two  different  forms.  The  silver  salts  hitherto  noticed  were 
wnorplious. 

saver  Salt. 

(1)  This  was  prepared  by  adding  nitrate  of  silver  to  solution  of 
ammonium  comenate,  the  precipitate  being  dried  in  water-bath. 
8205  gig.  gave  by  ignition  3-190  grs.  Ag  =  38*87  per  cent 

(2.)  Prepared  by  adding  excess  of  nitrate  of  silver  to  solution  of 
amraoninm  comenate.     The  air-dry  precipitate  dried  in  air-bath  at 

10'78  grs.  gave  by  ignition  4*44  grs,  Ag  =  41*18  per  cent 
5-04  grs.  „  2*08  grs.  Ag  =  41  -26     „ 

(3.)  Kitrate    of  silver  was  mixed   with   solution   of  ammonic 

♦  Rd.  Phil.  Trans.,  xx.  225. 
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comenate  rendered  alkaline  by  ammonia,  the  precipitate  being  dried 
at  120'*  C. 

8-01  grs.  gave  by  ignition  4*60  grs.  Ag  =  57*42  per  cent 

Of  another  quantity,  prepared  in  the  same  way,  8*86  grs.  give 
5*02  gra  Ag  =  76*65  per  cent 

(4.)  Aqueous  solutions  of  argentic  nitrate  and  ammonic  comenate 
^'ore  mixed,  the  precipitate  produced  being  washed  by  decantation. 
The  beaker  containing  the  same  was  then  covered  and  placed  in  the 
dark.  After  a  few  days  crystals  had  appeared,  and  these  gradually 
increased  in  number  until  the  whole  of  the  original  amorphous 
precipitate  had  disappeared.  These  crystals  were  removed  from  the 
beaker  and  dried  on  blotting  paper  and  by  exposure  to  the  air. 
They  have  the  form  of  hexagonal  prisms,  and  are  of  a  brown 
colour.  The  weight  was  not  altered  by  exposure  to  a  temperature 
of  100°  C. 

14*21  grs.  gave  by  ignition  5*43  Ag  =  38*21  per  cent 

(5.)  The  amorphous  precipitate  above  mentioned  was  boiled  with 
water  for  several  hours,  and  then  filtered.  On  cooling  the  filtrate 
deposited  small  white  crystals,  which  under  the  microscope  presented 
the  appearance  of  flat  four-sided  prisms.  These  crystals  after 
drying  in  the  air  at  the  ordinary  temperature  lost  no  weight  at 
120°  C. 

6  07  grs.  gave  2*32  grs.  Ag  =  38*22  per  cent 

Another  portion,  exposed  to  temperature  of  160°  C.  until  it  had 
almost  ceased  to  lose  weight,  became  darker  in  colour  as  if  slightly 
decomposed. 

10*15  grs.  gave  4*175  grs.  Ag  =  4ri3  per  cent. 

(6.)  A  quantity  of  the  amorphous  silver  comenate  was  boiled 
with  water  for  thirty  hours,  the  residue  collected  on  filter,  washed 
with  hot  water,  and  dried  in  water-bath. 

8*03  gra  gave  795  grs.  Ag  =  99*00  per  cent 
CeHjAgOfiHaO    =  38*43  Ag  per  cent 
CeHgAgOg  =41*06  Ag       „ 

CeHjAgjO^HgO  =55.67  Ag       „ 
CeHjAggO,         =58*37  Ag       „ 
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From  these  results  it  is  manifest  that  the  amorphous  precipitate 
produced  in  solution  of  ammonic  comenate,  as  likewise  the  crystal- 
line salt  ahove  described,  are  the  monobasic  silver  salt     The  only 
product  that  approximates  in  composition  to  di-argentic  comenate  is 
the  precipitate  produced  in  the  alkaline  solution  of  comenate  of 
ammonia.     From  experiment  (6)  it  is  evident  that  when  argentic 
comenate  is  boiled  with  water,  the  silver  is  reduced  to  the  metallic 
state;  reduction  taking  place  much  more  readily  than  with  the 
corresponding  meconate. 

Copper  Salt, 

Thia  was  prepared  by  adding  excess  of  cupric  sulphate  to  a  hot 
Bohtioii  of  ammonic  comenate.  A  crystalline  precipitate  separated 
immediately,  increasing  in  quantity  as  the  solution  cooled.  The 
ciystalB  dried  at  120''  were  ignited,  the  residue  dissolved  in  hot 
nitric  acid,  and  caustic  soda  solution  added  to  the  boiling  nitrate  of 
copper.  The  precipitated  oxide  was  washed  by  boiling  with  water, 
then  on  the  filter  with  hot  water,  and  finally  ignited.  8*615  grs. 
gave  2-910  grs.  CuO  =  33-77  per  cent  C^HgCuOjHgO,  is  =  33*73 
f^'oO  per  cent 

Calcium  Salts. 

(1.)  Prepared  by  adding  solution  of  calcic  chloride  to  warm  solu- 
tion of  ammonic  comenate.  The  salt  so  obtained  was  recrystallised 
^m  boiling  water,  and  after  drying  in  the  air,  exposed  to  heat  of 
wr.bathatl20'. 

9*870  grs.  lost  2*515  grs.  =  25*48  per  cent 

'Hie  dried  substance  was  ignited,  converted  into  sulphate,  and 

•gain  ignited.     It  gave  2*81  gr&  CaSO^  =  0*826  gra  Ca  =  8*36  per 

cent 

(CjH,05)2Ca7H2O  would  yield  26*47  H2O,  and  8*40  Ca 
percent 

(^•)  A  strong  solution  of  ammonium  comenate  was  rendered 
•^^^e  by  addition  of  ammonia,  and  poured  into  saturated  solution 
0^  calcic  chbrida  An  indistinctly  crystalline  precipitate  separated, 
^en  dried  at  120°  C. 

IHe  grs.  gave  7*24  grs.  CaSO^-  2*98  CaO   =  26*45  per  cent 
12-28  grs.  gave  740  grs.  CaSO^  =  3*047  CaO  =  26*42     „ 
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(3.)  By  adding  alkaline  solution  of  ammonio  comenate  to  dilate 
solution  of  calcic  chloride,    a    precipitate  was    obtained  which 
separated  for  the  most  part  gradually. 
3*64  grs.  gave  0*99  grs.  CaO  »  27*19  per  cent,  in  the  salt  dried  at 

120^ 
CeHjCaOj        =  28-86  per  cent  CaO. 
CeH2CaO,H30  =  26-41 

None  of  the  other  salts  described  in  the  books  was  prepared, 
as  the  analyses  given  of  thenydid  not  afford  promise  of  any  good 
result.  It  occurred  to  me  that  it  would  be  interesting  to  observe 
the  behaviour  of  comenic  acid  when  digested  with  a  strong  alkaloid, 
and  the  experiments  though  inconclusive  are  worth  noting.  With 
morphine,  which  is  not  a  very  powerful  base,  only  the  mono- 
morphine  comenate  is  formed,  just  as  with  meconic  acid  it  forms  the 
di-morphine  meconate.  Codeine,  which  is  a  very  strong  alkaloid, 
when  digested  in  water  with  comenic  acid  in  the  proportions  to 
form  di-codeine  comenate,  readily  dissolves,  and  when  the  solution 
is  evaporated  it  remains  for  days  in  a  syrupy  state  without  any 
separation  of  codeine.  As  however  the  salt  refuses  to  crystallise, 
there  is  no  proof  that  the  di-basic  salt  is  really  formed.  The  result 
may  simply  be  due  to  the  solubility  of  codeine  being  greatly 
increased  by  the  presence  of  the  mono-basic  comenate.  At  the 
same  time  it  must  be  observed,  that  when  codeine  (in  excess  of  the 
quantity  required  to  form  the  di-basic  salt)  is  digested  with  comenic 
acid,  very  little  more  of  the  alkaloid  is  taken  up  than  is  rec^uired  to 
form  the  di-codeine  comenate,  and  this  excess  is  easily  explained  by 
the  solubility  of  codeine  in  water.  In  like  manner,  meoonic  acid 
takes  up  very  nearly  the  proportion  of  base  required  for  the 
tri-codeine  meconate.  The  only  other  alkaloid  tried  was  thebaine, 
and  it  behaved  exactly  as  morphia. 

In  view  of  the  results  above  described,  I  think  we  must  admit 
that  the  evidence  is  distinctly  in  favour  of  the  di-basic  nature  of 
comenic  acid,  and  apparently  of  the  tri-baaic  nature  of  meconic  acid, 
although  the  last  combining  power  in  each  of  them  must  be  very 
feeble.  Knowing  that  carbonic  anhydride  is  evolved  in  the  forma- 
tion of  comenic  from  meconic  acid,  it  is  naturally  assumed  that  the 
former  contains  an  oxatyl  radicle  less  than  the  latter ;  but  as  we  do 
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not  know  the  constitution  of  either  of  them,  we  are  not  compelled 
to  accept  this  conclusion.     It  must,  however,  be  allowed  that  if 
comenic  acid  is  shown  to  be  di-basic,  there  is  strong  presumption 
that  meconic  acid  is  tri-basic     One  of  the  circumstances  which  at 
first  led  me  to  form  an  opinion  different  from  that  which  I  now 
hold,  is  the  fact  that,  in  a  solution  supersaturated  with  ammonia, 
the  acid  comenate  of  ammonium  crystallises  out;  but  I  suppose 
^  must  be  exj^ined  by  the  law,  according  to  which  the  most 
insoluble  compound  always  tends  to   form.      There  are  several 
experiments  which  suggest  themselves  in  connection  with  this  sub- 
ject, sach  as  the  use  of  different  solvents,  evaporation  in  vacuoy  and 
the  like,  but  in  the  meantime  I  cannot  further  follow  the  investiga- 
tion. 

4.  On  Morgan's  Systems  of  Consanguinity  and  Affinity. 

By  Dr  Macfarlane. 

5.  Note  on  a  Proposition  in  Theory  of  Numbers. 

By  Professor  Tait 


Monday,  4tth  July  1881. 
Mr  D.  MILNE  HOME,  Vice-President,  in  the  Chair. 

At  the  request  of  the  Council,  an  Address  on  the  Island  of 
SocotKi  was  given  by  Professor  I.  Bayley  Balfour. 

13^  following  Communication  was  read : — 

2.  On  some  new  species  of  Fossil  Scorpions  from  the  Car- 
boniferous Bocks  of  Scotland  and  the  English  Borders, 
with  a  Eeview  of  the  genera  Eoscorpius  and  Mazonia 
of  Messrs  Meek  and  Worthen.     By  B,  N.  Peach. 
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Monday,  l^th  July  1881. 

Sir  ALEXANDER  GRANT,  Bart.,  Vice-President, 

in  the  Chair. 

The  following  Communications  were  read : — 

1.  Report  of  the  Boulder  Committee,  with  Remarks  by  the 
Convener,  Mr  D.  Milne  Home.    (Plates  L,  IL,  HL) 

NOTES  BY  CONVENER, 
Argyleshire — Crinan  Canal. 

1.  Between  Crinan  Bay  on  the  north  and  the  head  of  Loch  Fyne 
on  the  south,  there  is  a  trough  or  hollow  now  occupied  by  the  Crinan 
Canal  The  highest  point  along  this  trough,  is  about  150  feet  above 
the  sea.  A  series  of  locks  occur  at  this  summit-level,  to  allow  of 
the  passage  of  vessels  between  the  two  sea-lochs. 

At  the  smnmit-level,  the  rocks  form  a  sort  of  ridge  across  the 
valley,  with  smooth  surfaces  towards  the  north,  and  rough  surfaces 
towards  the  south. 

On  both  sides  of  this  rocky  ridge,  there  are  large  boulders ;  on 
the  north  side,  I  counted  between  forty  and  Mty,  on  the  south 
side,  there  are  not  more  than  two  or  three.  The  boulders  aie  a 
syenitic  gneiss;  the  rocks  in  eitu^  are  shivery  clay  slate,  nearly 
vertical,  dipping  steeply  towards  the  south.  • 

Three  or  four  of  the  boulders  on  the  north  side,  I  found  pressed 
or  squeezed  up  against  the  rocks  in  sttu,  in  such  a  way  as  to  show 
that  they  had  come  from  the  north,  and  had  been  obstructed 
in  their  farther  progress  southwards  by  the  rocky  ridge.  In 
one  case,  the  boulder  lies  with  its  longer  axis  N.N.W.,  which 
IB  about  the  direction  of  the  valley  at  this  place.  There  is  a  hoUow 
on  the  north  side  of  the  ridge,  as  if  made  by  the  force  with  which 
the  boulder  had  been  pushed  or  driven  against  it  Other  two 
boulders  were  in  size  10  x  5  x  4  feet,  with  the  longer  axis  W.N.W., 
and  9x5x4  feet,  with  longer  axis  and  sharpest  end  due  nortL 
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^lany  others  were  blocked  in  a  similar  manner.     Plate  III.,  figs. 
1  and  2,  represent  two  of  these  boulders. 

The  boulders  on  the  south  side  of  the  ridge,  are  of  much  the  same 
size,  bat  are  not  close  to  the  ridge ;  they  may  have  tumbled  over 
the  ridge  by  falling  from  the  agent  which  brought  them  when 
it  stranded  on  the  ridge.     The  spot  now  referred  to  adjoins  the 
small  stream  which  flows  down  from  the  tanks  for  supplying 
tbe  Crinan  CanaL     These  tanks  a  number  of  years  ago  burst, 
and  many  large  fragments  of  rock  came  down  with  the  torrent, 
bat  these  are  quite  distinguishable  from  the  boulders  above  men- 
tioned. 

In  reference  to  the  agent  which  may  have  brought  these  boulders 
from  the  north,  there  is  nothing  to  suggest  the  action  of  a  glacier, 
as  the  trough  forming  the  bed  of  the  Crinan  Canal,  towards  the 
i^orth,  unites  with  an  arm  of  the  sea  at  the  distance  of  only  about 
2  milfifi.  That,  at  some  former  period  of  the  earth's  history,  this 
Gram  Cftnal  trough  was  occupied  by  the  sea,  through  which  float- 
ing  ice  might  flow,  is  evident  from  the  well-known  traces  of  old 
B^ft^nargins  visible  on  the  adjoining  coasts  up  to  at  least  300  feet 
ftboTe  the  present  sea-leveL  At  the  summit-level  in  this  Crinan 
Cwal  trough,  the  width  of  the  valley  is  narrower  than  anywhere 
€^»— probably  not  more  than  300  yards,  so  that  floating  ice  passing 
tbiough  this  Kyle  would  easily  choke  there. 

Hr  Jamieson,  in  one  of  his  papers  published  in  the  London  Geo- 
^itti  Society's  Journal,  alludes  to  this  trough,  now  the  bed  of  the 
(^^nnan  Canal,  and  states  that  he  found  smoothed  rocks  on  the  east 
*We  of  the  valley,  and  striations  running  N.  W.  and  S.E,  I  did  not 
^  these  markings.  They  are  not  inconsistent  with  the  theory 
>bo?e  suggested  as  to  the  transport  of  the  boulders. 

2.  Oban, — ^At  the  south  end  of  the  town  there  is  a  large  number 
of  huge  blocks  of  the  Old  Conglomerate  rock,  which  forms  high  and 
^p  cliffs  both  east  and  south  of  the  town. 

On  Plate  L  there  is  a  sketch  of  the  district  occupied  by  the  town 
^  by  a  portion  of  the  hiUs  to  the  east  and  south,  copied  from  the 
Ordnance  Survey  Map.  The  clifis  on  the  east  side  of  the  town 
(^  B  C)  have  nearly  vertical  fronts,  facing  the  sea.  They  reach  to 
^height  of  from  120  to  150  foot  above  the  sea-level  At  C  these 
^  take  a  sudden  turn  to  the  eastward.     The  rocks  at  B  C  are  a 
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coarse  red  conglomerate,  which  face  about  due  west  At  E  F  there 
are  hills  reaching  to  a  height  of  300  feet  above  the  sea.  Between 
the  clifGs  B  C  and  the  hills  E  F,  the  distance  is  about  one-third 
of  a  mile,  and  the  ground  between  is  so  flat^  that  the  sea  at  spring 
tides  flows  on  to  it  There  is  a  meadow  up  to  Dunans,  the  surface 
of  which  nowhere  exceeds  20  feet  above  the  sea.  At  Dunans,  how- 
ever, there  is  a  knoll  of  conglomerate  rock,  the  top  of  which  reaches 
to  a  height  of  212  feet  above  the  sea. 

The  green-coloured  .dots  indicate  spots  where  boulders  occur.  It 
will  be  perceived  that  they  abound  on  the  hill-slopes  at  H  and  K 
facing  the  N.  and  N.W.  They  are  almost  all  grey  granite,  pretty 
well  rounded,  and  having  a  diameter  from  5  to  7  feet  One  boulder, 
out  of  about  twenty  which  I  examined,  was  of  porphyry,  with  white 
felspar  crystals  in  a  basis  of  purple  alumina. 

In  the  meadow  or  valley  to  the  north  of  the  hills  G  H  K  many 
boulders  of  grey  granite  are  lying  about.  The  largest  I  found  was 
on  Dunans  Knoll,  and  on  the  side  of  the  knoll  facing  N.W. 

To  the  south  of  the  conglomerate  clifls  at  C,  there  is  a  trairiSe  of 
conglomerate  boulders  (coloured  brown),  evidently  derived  from 
these  difOs.  They  form  a  line  running  about  S.E  ;  most  of  them 
are  about  80  or  100  yards  from  the  clifi*,  and  one  or  two  occur  in 
the  low  ground  about  200  yards  from  the  cliff. 

Some  of  these  boulders  are  buried  in  a  mass  of  gravel  (as  shown 
in  Plate  IL,  fig.  1)  10  or  12  feet  thick,  lying  on  the  edges  of  the 
vertical  strata  of  dark-coloured  clay  slate.  The  pebbles  in  the  gravel 
are  chiefly  grey  granite  and  gneiss.  There  is  a  quarry  at  this  place 
which  shows  well,  a  section  of  the  gravel.  In  another  part  of 
the  quarry,  there  is  a  bed  of  laminated  clay,  4  feet  thick,  lying 
between  the  rocks  and  the  gravel  The  workmen  in  the  quarry 
informed  me,  that  they  had  seen  sea  shells  in  this  clay  bed,  but  I 
was  unable  to  reach  the  bed  to  search  for  shells,  on  account  of  its 
inconvenient  position. 

One  of  the  conglomerate  boulders  lies  against  a  rocky  knoll  A, 
which  has  apparently  obstructed  the  progress  of  the  boulder  farUier 
south.  Several  others  lie  to  the  S.E.,  in  the  meadow,  as  if  tumbled 
off  the  agent,  whatever  it  was,  which  carried  them. 

The  new  railway  from  Oban  to  Dalmally  cuts  through  a  portion 
of  the  hill  composed  of  dark  blue  slate  rocks  (see  F^  Plate  L). 
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Oyer  theae  Toeks  lies  a  bed  of  boulder  clay  containing  granite  boulders. 
One  which  I  found  undisturbed,  measured  5x3x3  feet,  with  its 
longer  axis  pointing  N.  by  K  and  S.  by  W. 

On  walking  over  the  hills  £  F  (Plate  I.),  situated  above  Professor 

Blackie's  cottage,  I  fell  in  with  a  valley  about  three-quarters  of  a 

mile  long,  opening  towards  the  north.     The  bottom  of  the  valley 

is  about  80  feet  above  the  sea,  with  hills  on  each  side  reaching  to 

about  300  feety  and  blocked  at  its  south  end  by  a  range  of  hills 

about  600  feet  above  the  sea.     In  this  valley,  I  found  two  or  three 

gtanite  boulders,  from  3  to  4  feet  in  diameter,  on  the  east  side  of 

the  valley,  at  a  height  of  about  120  feet  above  the  sea,  lying  on 

slate  rocks.     These  granite  boulders  could  not  have  come  into  this 

valley  except  from  the  norths     The  width  of  the  valley  is  from 

300  to  400  yard&     From  the  peculiar  position  of  the  boulders  on 

tb  east  side  of  the  valley,  it  may  be  very  probably  inferred,  that 

they  bad  come  from  some  north-westerly  poinjb. 

The  sides  of  the  valley  where  these  boulders  lie,  are  at  present 
exceedingly  steep,  and  it  seemed  marvellous  that  if  they  fell  on  the 
Bivbce  where  they  now  lie,  they  did  not  roll  to  the  bottom.  It 
occurred  to  me  that  probably  when  these  boulders  arrived,  the 
^ey  was  filled  with  gravel,  and  that  as  the  gravel  was  scoured  out 
by  streams,  the  boulders  slowly  subsided  to  their  present  positions. 
On  the  west  side  of  the  valley,  there  is  another  grey  granite 
boulder,  at  a  level  about  30  feet  higher  than  the  site  of  those  just 
i^tioned.     It  is  4  x  3  x  3  feet,  and  with  its  longer  axis  pointing 

At  the  north  end  of  Oban  Bay,  the  grey  granite  boulder  is  situ- 
*H  which  was  mentioned  in  last  year's  Report  (p.  11).  Its 
position  ia  indicated  on  Plate  L  by  the  green-coloured  dot  near 
^  letter  A.  Its  position  close  to  the  high  conglomerate  cliff  raises  a 
pnsomption  that  it  had  come  from  the  westward,  and  had  been  inter- 
wpted  in  its  farther  progress  by  the  clifil  This  is  strengthened  by 
Ae  iiEu:t  mentioned  in  last  year's  Eeport,  that  its  longer  diameter 
points  W.  by  N.  It  probably  came  by  the  same  agency,  whatever 
^  was,  which  brought  the  other  grey  granite  boulders  shown  in 
HateL 

I  examined  the  small  island  in  Oban  Bay  opposite  to  Professor 
Okie's  cottage,  near  the  east  side  of  Kerrera  Island  (L  in  Plate  L). 
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ProfesBor  Dana  having  landed  on  this  island  in  a  previous  year,  had 
noticed  several  boulders,  and  suggested  that  I  should  visit  it.  I 
found  on  it  four  or  five  grey  granite  boulders,  the  rock  of  the 
island  being  entirely  conglomerate.  One  or  two  of  the  boulders 
were  in  positions  indicating  probable  transport  from  the  north. 

I  proceeded  next  round  the  north  end  of  Kerrara  Island  as  far  as 
Bal-na-bok  Bay ;  landing,  on  my  way  there,  at  parts  of  the  shore 
where  boulders  were  observable.  At  the  north  end  of  Kerrara, 
where  the  rocky  cliffs  of  conglomerate  reach  a  height  of  about  100 
feet,  I  found  four  or  five  large  boulders  of  granite,  all  grey  but  one, 
which  was  red.  Their  position  close  to  these  high  cliffs  suggested 
that  they  had  come  from  some  northern  point,  and  had  been  inter- 
cepted there. 

On  a  small  island  near  the  same  place,  there  is  a  grey  granite 
boulder,  8x5x4  feet,  and  in  such  a  position  as  also  to  indicate 
transport  from  the  north. 

On  reaching  Bal-na-Bok,  I  foujid  the  shepherd  and  his  daughter 
(M*Kinnon)  very  willing  to  guide  me  across  the  hills,  and  point 
out  a  number  of  boulders  known  to  them.  Accordingly,  in  the 
course  of  a  three  hours'  circuit  among  hills  about  300  feet  above 
the  sea,  I  examined  about  twenty  boulders,  all  granites  except  one, 
which  was  a  greenstona  Some  of  the  granites  had  a  pinkish  tinge 
of  colour.  Most  of  the  boulders  were  lying  with  their  longer  axis 
N.  and  S.,  but  there  was  nothing  in  their  positions  to  show  from 
which  quarter  they  had  come. 

The  late  Robert  Chambers  (Edin.  New  Philosoph.  Journal  for 
1 853,  p.  254),  mentions  having  seen  in  Kerrera  Island  "  numerous 
smoothed  (rock)  surfaces  dipping  into  the  sea,  with  striations  from 
N.  60*  W.,  being  nearly  the  same  direction  as  Mr  Maclaren's 
W.N.W."  I  did  not  fall  in  with  any  of  these.  He  mentions 
"  that  on  the  high  grounds  above  Tobermory,  in  Mull,  there  are 
stria  pointing  from  N.  60**  W." 

3.  Having  been  informed  of  a  large  boulder  on  the  hills  on  the 
south  side  of  the  road  between  Oban  and  Connal  Ferry,  on  the  harm 
of  Dunheg,  I  called  on  Mr  Brown  the  tenant,  and  induced  him  to 
guide  me  to  the  place.  The  hill-slopes  here  face  the  nortih,  and 
the  boulder  was  on  one  side  of  a  niche  in  this  range  of  hills.  The 
Linnhe  Loch  is  on  the  north  side  of  the  range. 
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Its  position  between  the  hills  is  indicated  by  x  on  the  annexed 
diagram  (fig.  1),  which  shows  the  ground  plan  of  a  narrow  valley, 


EAST 


WEST 


Fi«.  1. 

open  at  each  end,  ahout  500  yards  in  length,  about  50  yards  wide, 
and  with  sides  from  200  to  300  feet  high.     Fig.  2  shows  a  section 


WEST 


Fig.  2. 

iooei  this  valley,  with  the  boulder  on  the  west  side,  upon  a  shelf, 

it  the  height  of  about  250  feet  above  the  sea.     The  boulder  measures 

11 X 6  X  5  feet,  and  the  longer  axis  points  N.N.W.  and  S.S.E. 

The  axis  of  the  valley,  which  rises  to  the  south,  is  N.  W.  and 
S.E. 

The  rocks  here  are  clay  slate,  the  boulder  is  grey  granite. 

In  reference  to  the  transporting  agent,  it  is  almost  certain  that 
4e  boulder  must  have  been  brought  into  the  valley,  by  either  its 
**orth  or  its  south  end. 

From  the  boulder,  Ben  Cruachan  is  visible,  bearing  KS.E.  at 
^difltinoe  of  about  10  miles.  If  a  glacier  bo  thought  of  to  bring  it 
^  Cruachan,  there  are  hills  and  valleys  in  the  way,  rendering  the 
•wwe  of  a  glacier  along  that  line  most  improbable  The  more 
'^twal  course  of  a  glacier  would  bo  down  Loch  Etive.  On  the 
other  hand,  there  seema  to  be  nothing  improbable  in  the  supposi- 
^  that  it  may  have  been  brought  by  floating  ice  from  the  north. 
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In  making  a  nhort  toar  across  the  adjoming  hills,  I  found  many 
other  boulders  of  grej  granite,  and  mostly  on  hill  slopes  facing  the 
north.  One  of  these  boulders,  6x4x4  feet,  lay  on  a  sort  of  shelf 
blocked  at  its  S.E.  end. 

4.  At  Dumtaffiiage,  about  5  milea  K.E.  of  Oban,  there  is  a  con- 
glomerate rock  on  which  the  old  castle  stands,  as  ahown  on  fig.  3, 


Fig.  8. 

The  rock  at  the  west  end  is  abont  30  feet  above  the  general  level  of 
the  land,  and  it  extends  horizontally  for  abont  50  yards.  On  its 
east  side  the  rock,  though  extremely  tough,  and  full  of  laif^  pebbles 
of  quartz  and  other  hard  rocks,  has  been  well  smoothed  by  some 
agent  of  great  weight  and  power  which  has  come  from  the  eastward. 

The  conglomerate  rocks  on  the  beach  below  the  castl^  present 
similar  smooth  surfaces  facing  the  east 

Having  learnt  from  the  keeper  of  the  castle,  that  smooth  rock 
surfaces  occur  on  a  small  island  a  few  hundred  yards  to  the  east  of 
Dunstafbage,  I  procured  a  boat,  and  found  two  high  knolls  of  con- 
glomerate rock,  as  shown  in  fig.  4,  smoothed  in  a  similar  tnann^. 


Fig.  4. 

In  going  along  the  south  bank  of  Loch  Etive,  one  sees  at  numerous 
places  great  sheets  of  similarly  smoothed  rock,  indicating,  apparently, 
the  action  of  a  glacier  which  had  moved  down  the  valley  now  occu- 
pied by  the  loch.  In  the  Fifth  Beport  of  the  Committee  (page  45), 
notice  is  taken  of  the  Airde  Point,  on  the  west  aide  of  Loch  Etive, 
where  the  rocks  facing  the  south,  i.e.  up  the  glen,  were  found 
smoothed  up  to  a  height  of  376  feet  above  the  sea. 
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In  passing    along   the   new    line   of   railway,    between  Oban 

and  Loch  Awe,   one  can  notice  many  smoothed  rocks,  all  like 

those  before-mentioned,   facing  Loch  Awe.     A  number  of  these 

smoothed  rocks  are  covered  by  beds  of  fine  gravel,  sections  of 

which,  showing  rock  and  gravel,  are  well  seen  on  both  sides  of 

ihe  railway  which  cuts  through  them.     The  best  examples  are  near 

the  village  of  Stonefield,  to  the  east  of  Connal  Ferry.     The  height 

ahoTe  the  sea  here  is  about  40  feet,  and  traces  of  the  well-known 

sea-terrace,  so  prevalent  around  the  coast,  are  here  observable.     As 

one  advances  towards  Taynuilt  and  Bridge  of  Awe,  the  detritus 

occurs  in  larger  quantities.      At  Bridge  of  Awe  it  forms  mounds, 

which  are  no  doubt  due  to  the  removal  of  other  portions  of  the 

detiitas  by  the  rains  and  streams  descending  the  steep  sides  of 

Croachan  on  the  one  side,  and  of  the  hiUs  on  the  opposite  side 

of  the  Etive  valley.     The  Awe  itself  has  on  its  banks,  scaurs  of 

detritos  20  to  30  feet  in  depth,  and  there  are  marks  showing  that 

the  river  has  run  in  a  different  course  and  at  a  higher  level 

The  whole  of  this  valley  is  full  of  boulders  of  granite,  mostly 
grey)  but  occasionally  red.  These  boulders  generally  lie  on  the 
^tos,  and  in  many  cases  are  covered  by  peat  which  has  grown 
in  the  pools,  or  what  had  been  pools,  in  the  detrital  hollowa 

On  ascending  the  hills  on  the  west  side  of  Bridge  of  Awe,  which 
I  did  to  the  height  of  about  400  feet  above  the  sea,  1  found  boulders, 
^Bpodally  on  the  slopes  facing  the  north  and  east.  They  may,  no 
donbt,  have  crossed  the  valley  from  Cruachau.  1  measured  several 
of  the  largest^  which  were  5  or  6  feet  in  length  by  3  or  4  feet  in 
width  and  height.  There  were  among  them  small  boulders  of  well- 
nmnded  quartsite,  which  suggested  a  northern  origin. 

The  large  granite  boulder  on  the  roadside  between  Taynuilt  and 
Bridge  of  Awe,  nicknamed  Sir  Walter  Scott,  lies  on  detritus. 

^'  Loch  Btoeyn. — Having  heard  of  some  large-sized  boulders  in 
^  neighbourhood  I  went  there,  accompanied  by  Mr  Alexander  of 
^  GUphead. 

At  Ardna,  on  the  farm  of  Mr  Macmillan,  near  Kilmory  Bay,  I 
^^^nuned  a  surface  of  smoothed  slate  rocks,  covered  by  long 
^  deep  striations  running  W.  by  S.  and  E.  by  N.  Unfor- 
^^^nately  I  omitted  to  observe  from  what  direction  the  striating 
agent  had  moved,  but  as  the  smoothed  surface  of  the  rock  sloped 
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down  towards  the  west,  it  is  probable  that  the  striating  agent  had 
come  from  the  west 

On  this  smoothed  and  striated  rock,  there  were  large  boulders  of 
grey  granite;  I  measured  two,  of  the  following  dimensions,  viz., 
15x12x5  feet  and  13x5x5  feet.  Their  longer  axis  was  the 
same,  viz.,  W.S.W.  It  is  proper  to  remark,  that  the  sea^lochs  in 
this  part  of  the  coast  occupy  troughs  which  lie  in  a  direction  W.S.  W. 
and  EkN.K,  and  that  the  ridges  of  land  which  separate  these  lochs 
run  in  a  similar  direction. 

The  boulders  and  striated  rook  just  mentioned  are  on  the  S.E 
side  of  the  ridge  which  divides  Loch  Sweyn  from  Loch  Killesport 
But  on  crossing  the  ridge  north  towards  Loch  Sweyn,  I  found  most 
of  the  boulders  on  the  hill  slopes  which  face  the  N.W.  all  lying  ia 
the  same  manner,  viz.,  with  their  longer  axis  parallel  to  the  loch  and 
to  the  ridge  of  high  ground.  On  this  slope,  the  boulders  are  in 
thousands,  I  measured  a  few  of  the  largest, — one  was  15  feet  square 
and  8  feet  high,  another  18x7x5  feet  The  ridge  between  the 
two  lochs  rises  gradually  to  the  eastward  inland  to  a  height  of  from 
500  to  700  feet 

In  this  district  I  saw  no  detritua  If  there  ever  had  been  detritus 
it  had  been  swept  ofP,  as  the  rocks  in  situ  were  everywhere  visible, 
and  the  boulders  were  lying  mostly  on  the  bare  rock.  Of  moraines  I 
saw  no  appearance.  Sitting  on  this  hill  slope,  and  pondering  from 
what  quarter  these  boulders  in  such  numbers  could  have  come,  it 
appeared  to  me  that,  in  order  to  reach  and  remain  on  this  hill  slope, 
they  could  have  come  only  from  the  N.W.  If  the  agent  which 
brought  them,  had  come  down  the  loch  from  the  N.E.  there  was 
nothing  to  cause  them  to  stop  and  remain  where  they  now  aie ; — 
they  would  have  gone  on  towards  the  open  sea  at  the  lower  end  of 
the  loch.  If  they  had  come  from  the  S.W.  there  was  nothing  to 
obstruct  their  further  progress  up  the  loch. 

In  walking  further  up  the  loch,  Mr  Alexander  and  I  passed  a  rock 
surface,  pretty  steep,  and  sloping  down  southwards,  on  which  there 
wore  many  deep  striae  running  W.S.W.  and  E.N.E.,  parallel  with  the 
general  axis  of  the  valley.  The  striating  agent  seemed  to  have  eome 
up  the  loch.  This  was  at  a  place  named  on  the  Ordnance  Map'^jDlcw^'' 
Here  we  obtained  a  boat  and  crossed  over  to  D'.inna  Idand,  toezamine 
a  large  boulder  which  gives  its  name  to  the  farm  **D(mna  na  Chieke," 


o/MinJmrgih,  Seasion  1880-81.  255 

The  boulder  wonld  be  of  the  shape  of  a  pear,  wore  a  horaontal 
■Mtion  made  through  its  wideet  part  (fig.  5).     Its   sharpeHt  end 


¥\g.  5, 

pointi  g.W.  Ita  height  is  about  15  feet,  and  it  has  three  eidee 
t<^blf  flat,  each  about  16  feet  wide.  I  calculated  its  weight  at 
fern  60  to  70  tona 

111  uia  arincidee  with  the  general  direction  of  the  vaUey,  and 
iti  durpest  end  is  towards  the  sea,  creating  a  preemnption  that 
•oiietliiiig  floating  np  the  loch  may  have  put  it  and  left  it  in  that 
potjtiou. 

Tbe  boolder  is  nearly  opposite  to  Castle  Sweyn,  which  is  on  the 
"^  lionk  of  the  loch.  There  is  a  rocky  knoll  about  40  feet  above 
tlie  loch  on  which  the  castle  had  been  hnUt  On  the  west  side  of 
ttiia  knoU  there  is  a  great  Dumber  of  huge  angular  boulders,  which 
■wa  to  have  come  from  the  westward,  and  been  int«icepted  by  the 
hull  in  their  progress  eastwarda  The  narroweat  part  of  the  loch 
ii  it  Castle  Sweyn,  so  that  it  was  the  most  likely  place  for  an 
'^Unction  of  ice  rsfte  from  the  west 

Ui  Alexander  of  Lochgilphead,  to  ivhom  the  Committee  are 
i^bted  for  much  valuable  assistance  in  giving  information  about 
™iWo8  on  the  west  coast  of  Ai^Ie,  told  me  of  a  clnst«r  of 
'KKiMni  on  the  farm  of  Taynbb,  ubout  4  miles  to  the  south  of 
"•jwllich,  on  Loch  Sweyn.  There  ia  one  large  boulder  from  9  to 
'0  ttet  high,  aurronnded  by  a  number  of  small  boulders.  They  lie 
""•  bit  of  bare  rock.  The  land  slopes  towards  S.W.  They  are 
'Kxit  30  feet  above  the  level  of  the  aca,  and  distant  from  it  about 

KLzt  2k 
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Immediately  to  the  east  of  the  boulders  there  is  a  level  plateau  or 
beach,  which  may  have  been  formed  by  the  sea,  when  it  stood  at  a 
higher  level. 

These  boulders,  Mr  Alexander  says,  appear  to  have  been  trans- 
ported from  a  S.W.  direction.  There  are  low  hills  to  the  north- 
eastward, which  probably  obstructed  them  in  their  further  progress 
to  the  eastward. 

6.  Ardriahaig, — In  ascending  the  hill  to  the  west,  on  the  lands  of 
Auchindarroch,  accompanied  by  Mr  Alexander  of  Loch  Gilphead,  I 
had  pointed  out  to  me  by  him  a  gneiss  boulder,  9x7x6  feet,  lying 
on  a  smoothed  rock  of  day  slate.  Its  longer  axis  lay  N.  and  S.,  its 
sharpest  end  being  to  the  north.  Another  boulder,  somewhat 
higher  up,  was  seen,  16x13x6  feet,  with  its  axis  also  N.  and  S. 
The  slope  of  the  hill  here  is  down  towards  the  S.K  These  were 
at  a  height  of  about  300  feet  above  the  sea. 

On  going  higher  up  the  hill  and  coming  to  a  slope  facing 
N.N.R,  I  fell  in  with  many  other  boulders  of  such  sizes  as  the 
following — 9  X  7  X  6  feet,  8^  x  7  x  4  feet  These  two  were  on  the 
same  slope,  and  one  above  the  other,  at  a  distance  of  about  15  yarda 
They  must  certainly  have  come  from  some  northern  point 

Berwickshirb. 

In  July  1880,  I  was  requested  by  Captain  Norman,  RN.,  to 
examine  some  boulders  which  he  had  discovered  in  a  ditch  on  a 
roadside  situated  about  a  mile  to  the  north  of  Bcrwick-on- 
Tweed. 

Having  accompanied  him  to  the  spot,  I  found  four  bouldersy  each 
weighing  from  half  a  ton  to  one  ton.  Two  of  the  boulders  were  of 
fine-grained  granite,— one  of  them  grey  in  colour,  and  the  other 
with  a  shade  of  pink.  They  had  most  probably  come  from  Cock- 
bum  Law,  situated  about  15  miles  (as  the  crow  flies)  to  the 
N.W. — ^the  only  hill  of  granite  in  this  S.K  district  of  Scotland. 
The  other  two  boulders  were  a  dark  porphyry.  Lamberton  Hill, 
situated  to  the  N.  and  N.N.W.,  about  2  miles  off,  is  composed 
of  porphyry  of  several  varieties.  The  site  of  these  boulders  is 
about  250  feet  above  sea-levoL 
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Bute, 

1.  W.  J.  Millar,  C.K,  Glasgow,  having,  during  the  last  two  years, 
had  occasion  to  be  frequently  in  Bute,  and  having  taken  notes  of  the 
booldeis  lying  about  the  coast  near  Rothesay,  and  to  the  north  of  it, 
bad  the  kindness  to  draw  out  for  the  Committee  the  following  list  of 
boulders  observed  and  studied  by  him. 

(1.)  On  the  shore  to  the  east  of  Rothesay,  at  Glenbum,  a  chlorite 
ficliist  boulder  6x5x5,  with  large  veins  of  quartz,  weighing  pro- 
bably ahout  7  tons.     It  rests  on  the  red  conglomerate  of  this  part 

of  the  island. 
(2.)  Near  Craigmore  pier,  east  of  Rothesay,  about  30  feet  above 

«ealevel,  a  boulder  of  very  coarse  pebbly  schist,  about  3 J  feet  long, 

well  loonded  and  smoothed  on  lower  side.     It  was  near  the  mouth 

of  a  digQsed  whinstone  quany,  among  conglomerate  gravel 
(3.)  Farther  east,  and  south  of  a  point  of  land  a  little  below  high- 

water  mark,  there  is  a  boulder  of  trap,  6  feet  long,  resting  on 

i^  conglomerate  rocks. 
(^•)  On  ascending  the  hill  from  the  last-mentioned  place,  several 

« 

micaceous  schist  boulders  are  met  with,  two  measuring  about  3  feet 
*5K»8,  one  about  70  feet,  and  the  other  120  feet  above  sea-leveL 

(5.)  Still  farther  up  the  hill,  and  on  road  towards  Rothesay 
tbrough  a  wood,  at  150  feet  above  sea-level,  there  are  many  schist 
boulders,  well  rounded  and  smoothed,  some  about  3  feet  in  length. 

At  180  feet  above  sea-level,  there  is  a  coarse  schist  boulder  5x2^ 
^^t,  one  end  round  and  smooth,  the  other  end  rough  and  angular 
—longer  axis  RN.R  by  compass. 

(^•)  Nearer  Rothesay,  on  same  road,  at  about  200  feet  above  sea- 
IfiTel— a  mica  schist  boulder,  about  6  feet  long,  rounded  at  one  end 
and  rough  at  other  end. 

(7.)  In  great  sandpit  above  and  behind  Queen's  Hotel,  Rothesay, 
*  HMflB  of  coarse  gravel  lies  above  sand,  forming  a  bed  about  12  feet 
thick.  The  underlying  sand  is  of  unknown  depth,  bat  a  face  of  it  is 
*WQ  for  about  30  feet  vertically,  with  a  length  of  about  200  yards, 
^ond  houldera  of  gneiss  occur  in  the  sand,  the  largest  about 
^  X  3  X  2  feet  North-west  of  this  sandpit,  and  near  it,  there  is  a 
ii&oothed  rock  about  120  feet  above  sea-leveL      As  its  smoothed 
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surface  looks  northwards,  the  smoothing  agent  must  have  come 
from  some  northerly  point. 

(8.)  At  Ardbeg,  north  of  Kothcsay,  there  are  many  boulders  on  the 
shore — one  9x8x5  feet,  another  10x7x5  feet ;  one  is  quartz  or 
chlorite  schist,  the  other  trap.  The  rocks  in  situ  are  chloritic  slate, 
dipping  S.E.  56*^.  First-mentioned  boulder  has  its  longer  axis 
pointing  N.W.  and  S.E. 

(9.)  Near  the  head  of  Port  Bannatyne  Bay,  there  are  hundreds 
of  boulders  on  the  shore  seen  at  low  water,  all  well  rounded.  Those 
which  are  long  shaped  generally  lie  S.K  and  N.W. 

Near  the  head  of  Port  Bannatyne,  in  a  field  about  30  feet  above 
sea-level,  there  is  a  coarse  schist  boulder  4x2x2  feet,  one  side 
finely  smoothed,  with  ruts  on  it  parallel  to  longer  axis. 

(10.)  At  Ardmaleish  Point  (entrance  to  Kyles  of  Bute)  there 
are  many  schistose  boulders,  some  coarse  and  pebbly,  others  fine- 
grained.    The  largest  is  8  x  8  x  6  feet.     They  lie  on  blue  slate  rocks. 

(11.)  At  north  end  of  Bute,  opposite  to  Colintraive,  the  rocks,  up 
to  230  feet  above  sea-level,  are  rounded  and  smoothed.  They  con- 
sist of  mica  schist,  in  some  parts  coarse  and  pebbly.  Some  of  them 
quite  resemble  the  boulders  at  and  near  Ardmaleish  Point 

At  380  feet  above  sea-level,  the  rocks  are  smooth  on  their  sides 
facing  the  N.W.,  but  rough  and  fissured  on  their  eastern  sides. 
Blocks  lie  below  them  on  these  east  sides. 

(12.)  Around  Bull  Loch,  the  rocks,  at  560  feet  above  sea-level, 
are  well  smoothed,  and  form  a  steep  wall  facing  N.W. 

(13.)  Notes  applicable  to  district  about  3  miles  south  of 
Hothesay : — 

(a.)  Ascog  Loch,  about  100  feet  above  sea-level;  at  north-east 
end,  a  great  number  of  schistose  boulders ;  at  north-west  end,  a  large 
quantity  of  schistose  stones.  The  rocks  in  situ  here  are  red  con- 
glomerate. 

(b.)  Loch  Fad, — On  the  N.W.  of  this  loch,  there  is  a  hilly  range 
running  N.K  and  S.W.,  and  reaching  heights  of  from  400  to  450 
feet  above  sea-leveL  In  one  part,  there  is  a  gorge  through  which 
something  has  passed,  smoothing  and  striating  the  rocks.  The  stris 
point  S.E.  and  N.W.  On  the  south  slopes  of  this  range,  lie  a  number 
of  blocks  which  seem  to  have  been  transported,  being  too  distant 
from  any  cliffs  from  which  they  could  have  fallen  by  mere  gravitation. 
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To  the  Bouth  of  this  hilly  range,  and  perhaps  an  extension  of  it, 
there  is  a  hill  (not  named  in  Ordnance  Map)  about  480  feet  high  on 
the  north  side  of  Dhu  Lock,  This  hill  on  its  north  side  presents 
rock-sorfaces,  rounded  and  smoothed.  On  its  south  slopes  there 
are  boulders,  two  of  which  I  measured,  viz.,  6x5x2  feet,  and 
6x4x2  feet 

Close  to  Dhu  Lochy  there  is  another  boulder,  6x5x4  feet,  at 
about  320  feet  above  the  sea. 

The  rock  composing  these  boulders  is  apparently  similar  to  that 
of  the  hills  to  the  south  of  which  they  lie.  What  occurred  to  Mr 
Millar  was,  that  they  had  been  riven  from  the  rocks  of  these  hills 
by  some  agent,  which  passed  over  and  across  them  from  the  north. 


2.  The  Convener  having  in  October  last  gone  to  Rotliesay  for  a 
few  days,  examined  several  of 
the  boulders  on  the  east  coast,  y. 
mealaoned  by  Mr  Millar  in  the  ^ 
lOMgoiiig  notes : — 

One  day  was  devoted,  in 
company  with  Mr  Millar,  to 
»  portion  of  the  Wed  Coast 
^^oHhfrom  Etlrick  Bay.  A 
gieat  many  large  boulders 
veie  found  along  the  shore, 
showing  transport  from  the 
Qotib-west 

In  Ettrick  Bay  itself,  there 
Me  only  a  few  boulders,  and 
^  arB  situated  at  the  north 
wJfi  of  the  bay.  The  coast  to 
^be  north  of  the  bay  runs  in 
*  line  about  N.N.  W.  by  com- 
P«>.  To  the  south  of  that 
W  the  coast-line  runs  about  Fig-  6. 

8-8. W.    The  position  of  the  boulders  is  indicated  on  the  annexed 
%am  (fig.  6)  by  x  x  x . 

At  the  north  end  of  Ettrick  Bay,  there  is  a  compact  ridge  of 
lock,  a  sort  of  trap  dyke,  which  stands  from  10  to  15  feet  above 
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the  adjoining  surface  of  the  land  with  vortical  walla  The  puhlic 
road  runs  along  the  coast  hoth  north  and  south  from  Ettrick  Bay, 
so  that  there  is  ample  opportunity  of  studying  the  boulders  lying 
on  the  shore. 

At  or  very  near  Kildavannan  Point  a  boulder  of  pure  quartz 
first  attracted  attention,  6^  x  5^  x  4  feet,  weighing  about  10  tons. 
From  the  way  in  which  it  was  blocked  on  its  east  side,  it  seemed  to 
us  probable  that  the  parent  rock  would  be  found  to  the  west. 
Accordingly,  at  a  distance  of  about  100  yards,  a  very  large  mass 
of  quartz  rock  was  found  in  situ  among  the  slate  rocks. 

The  boulder  next  met  with  was  one  of  gneiss,  11^  x  7  x  5  feet, 
weighing  about  30  tons.  Its  sharpest  end  pointed  N.N.W.  There 
was  vertical  slate  rock  under  its  east  end,  which  seemed  to  have 
obstructed  its  progress  eastward  (see  fig.  3,  Plate  ILL). 

There  was  another  gneiss  boulder  8x7x6  feet,  also  on  slate  rocks, 
and  blocked  in  a  similar  manner  at  its  east  end. 

At  one  place  the  slate  rocks,  which  are  nearly  vertical,  and  run- 
ning in  a  direction  about  S.W.  and  N.£.,  presented  a  vertical  wall 
on  the  beach  of  several  feet  in  height,  facing  the  north ;  a  gneiss 
boulder,  12x8x5  feet,  weighing  about  35  tons,  rested  against  this 
north  wall  in  such  a  way  as  to  show  it  had  been  pushed  from  the 
north,  and  had  been  stopped  by  the  rock.  A  number  of  smaller 
gneiss  boulders  were  on  the  beach  close  to  the  north  side  of  the 
slate  rocks  (see  fig.  4,  Plate  IIL). 

Many  more  examples  of  the  same  kind  were  observed  along  the 
coast  for  about  3  miles.  The  boulders  are  larger  in  size  towards 
the  north. 

On  returning  back  to  Ettrick  Bay,  a  visit  was  paid  to  the  coast, 
on  the  south  side  of  the  bay.  It  has  been  already  mentioned  that  in 
Ettrick  Bay,  on  the  shore,  there  are  no  boulders,  but  to  the  south  of 
the  bay  they  again  occur,  most  of  them  gneiss,  though  there  are 
also  some  of  granite.  A  searwall,  lately  built  to  protect  the  high 
road,  contained  a  large  number  gathered  off  the  shore,  and  others 
were  showing  their  heads  above  water  at  a  distance  from  the  shore. 
The  same  agent  which  had  carried  or  pushed  the  boulders  along 
the  coast  north  of  Ettrick  Bay,  had  continued  its  S.S.E.  course 
across  the  mouth  of  the  bay,  and  dropped  boulders  on  the  coast 
beyond  the  bay.     The  high  ridge  of  rock  at  Kildavannan  Point, 
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before  referred  to,  had  probably  to  a  certain  extent  protected  the 
bay  from  any  influx  of  boulders.  If  the  transport  of  the  boulders 
was  due  to  ice  floating  on  a  current  of  the  sea  from  N.N.W.,  this 
may  have  occurred  when  the  sea  stood  several  hundred  feet  above 
its  present  level,  in  which  case  the  Kildavannan  ridge  might  still 
have  acted  in  the  way  now  suggested,  as  it  runs  up  the  land,  in  a 
north-easterly  direction,  to  a  considerable  distance. 

All  along  the  part  of  the  west  coast  just  described,  the  40  feet 
old  sea-margin  is  exceedingly  distinct  Those  at  higher  levels,  seen 
elsewhere  on  the  West  Coast  of  Scotland,  were  not  observed  in 
this  part  of  Bute. 

3.  On  the  following  day  the  Convener,  under  the  guidance  of  Mr 

Millar,  paid  a  visit  to  Barone  Hill,  situated  about  2  miles  to  the 

S.W.  of  Eothesay,  and  reaching  to  a  height  of  about  530  feet  above 

sea-leveL     Plate  IL,  fig.  2,  gives  a  sectional  outline  of  the  hiU  in  an 

east  and  west  direction.    The  hill  was  first  approached  by  us  from  the 

eastward,  and  there  was  a  close  examination  of  the  bare  rocks  on 

ihe  north  side  in  search  of  smoothed  faces.     One  or  two  were  found, 

ihoQgh  not  of  so  decided  a  character  as  to  deserve  special  notice. 

Beyond  the  principal  hill,  about  half  a  mile  farther  west,  there  is 

uiother  hill,  reaching  a  height  of  about  430  feet,  with  a  gully 

^wfcween  the  two,  on  which  Mr  Millar  discovered  markings  of  a  very 

^Interesting  character,  and  called  to  me  to  come  and  examine  them. 

'Dug  gully  IB  about  30  yards  wide,  having  sides  of  bare  rock  more 

0'  less  vertical — the  rocks  on  the  east  side  higher  than  on  the  west 

side.    On  entering  this  gorge  (A  figs.  2  and  3),  it  was  at  once  seen 

that  something  had  passed  through  it  from  the  north,  leaving  immis- 

tabble  traces.     What  first  attracted  attention  was  the  smoothing 

^^  the  rocks  at  d  on  the  principal  hill,  and  on  the  opposite  side  of 

the  gorge  at  eee  (see  figs.  2  and  3  in  Plate  II.). 

On  the  west  side  of  the  gorge,  the  number  of  places  ground 
^^^  and  smoothed  are  more  numerous,  one  reason  for  which 
^t  be  that  the  rocks  appeared  less  hard  than  on  the  opposite 
^  On  that  side,  there  are  some  isolated  patches  of  rock,  well 
•nioothed,  because  they  had  apparently  encountered  the  full  force 
of  the  agent  which  had  passed  through  the  gorge ;  but  there  are 
^*ther  patches,  as  at  /,  quite  rough,  because  apparently  under  the 
*l^eittt  of  otheia 
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The  ground  in  the  gorge  rises  pretty  steeply  from  the  north,  vii., 
ahoat  100  feet  to  its  summit-level  at  B. 

On  four  or  five  masses  of  rock  on  the  west  side  of  the  gorge,  and 
at  about  its  narrowest  part,  there  are  some  remarkable  strias  on 
the  smoothed  rock  surfaces.  Mr  Millar  measured  several  of  the 
longest,  and  found  them  to  be  12  or  13  feet  in  length.  They 
almost  all  sloped  up  towards  the  south,  and  were  several  feet  above 
the  bottom  of  the  gorge.  The  angles  of  slope  were  measured  by  a 
clinometer.  The  average  was  20^  to  25^,  but  one  was  found  with 
an  inclination  up  south  of  43^.  In  two  cases  it  was  distinctly 
seen,  that  the  ruts  were  deepest  and  widest  at  their  north  ends, 

thus  ^ Mr  Millar  found  the 

rut,  13  feet  long,  was  at  its  north  end  1^  inch  wide,  and  fths  deep ; 
another  was  2  inches  wide  at  its  north  end.  These  tapered  to  a 
point  at  their  south  ends.  The  graving  tool,  which  had  been 
sharp  enough  to  cut  deeply  at  first,  becoming  blunt  by  pressure 
on  the  rook,  would  naturally  leave  a  smaller  and  £9dnter  striation  as 
it  paflsed  along. 

These  marks  seemed  to  make  it  quite  dear,  that  some  powerful 
current  had  passed  through  the  gorge,  canying  fragments  of  rock 
and  stones,  and  squeezing  them  up  over  the  summit  level  In  no 
other  way,  would  it  be  easy — ^indeed  possible,  to  account  for  the 
smoothed  surfaces  at  the  sides  of  the  gorge,  and  especially  for 
the  striations,  sloping  upwards,  and  cut  most  deeply  at  their 
north  ends. 

There  were  no  boulders  in  the  gorge  itself ;  but  on  going  to  the 
summit  level,  and  looking  south  upon  the  moors  and  hill  slopes 
beyond,  boulders  wore  observed  not  far  off,  which  may  have  come 
through  the  gorge,  and  been  carried  some  distance. 

There  was  no  time  that  day,  for  further  research.  But  Mr  Millar 
kindly  undertook,  at  some  future  period,  to  visit  those  parts  to  the 
south  of  the  Barone  Hill,  and  report  on  any  boulders  seen  by  hint 

The  result  of  his  survey  will  be  seen  in  the  last  part  of  the  notes 
sent  by  him,  already  given.  It  confirms  the  supposition,  that 
boulders  were  carried  through  the  gorge,  and  were  strewed  over  the 
hills  to  the  south. 

On  returning  to  Eothesay  by  a  route  to  the  north  of  the  prineipdi 
hill,  several  small  gneiss  boulders  were  observed  (m  a  bit  of  flat 
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land  aboat  250  feet  above  sea-leveL  There  also  a  portion  of  rock 
was  diseoyeredy  consisiiiig  of  strata  nearly  vertical^  and  ground  down 
80  as  to  form  a  flat  surface.  The  edges  of  the  strata  were  all 
abraded  and  smoothed  in  such  a  way  as  to  show  a  passage  over 
them  of  some  hard  and  heavy  body  from  the  north.* 


Island  op  Colonsay. 

1.  Notes  by  Mr  William  Stevenson,  12  Meadowfidd  Place, 

Edinburgh. 

(1.)  The  rocks  of  the  island  generally  are  of  a  slaty  nature,  in 
some  places  curiously  bent  or  twisted. 

There  are  also  places  where  granite  rocks  occur,  as  at  and  near  the 
small  boat  harbour  of  Scalasaig,  on  the  east  side  of  the  island. 

The  rocks  inland  from  the  harbour  are  in  a  sort  of  glen,  through 
vhich  a  road  passes.     The  granite  rocks  are  seen  there. 

The  walls  of  the  harbour  are  built  of  this  granite  rock.  It  is  of 
^  grey  colour ;  but  being  somewhat  soft  in  texture,  it  was  faced  with 
>  yellow-coloored  granite  brought  from  Mull  in  ships. 

(2.)  On  the  west  side  of  the  island  is  Port  Mor.  It  is  only  a 
W'  Its  shores  are  thickly  strewn  with  boulders  of  all  sizes,  up  to 
KTend  tons  in  weight.     They  are  mostly  covered  with  sea-weed. 

*  Since  this  report  was  written,  I  have  discovered  a  reference  to  the 
S^iciations  of  this  p&rt  of  Bute,  in  a  valuable  paper  by  Professor  Geikie,  **  On 
^Oiaenl  I>riit  in  Scotland,"  in  the  first  volume  of  the  Glasgow  Geological 
°<'<aety's  Transactions.  The  following  extracts  may  be  given,  as  confirmatory 
of  that  is  said  in  the  Committee's  report : — 

"A  most  wonderful  exhibition  of  worn  mammilated  and  striated  rocks  in 
^  pvt  of  Scotland,  occurs  among  the  slate  hills  to  the  north  of  Loch  Fad, 
<ioe  of  i  chain  of  lakes  which  nearly  cut  the  Island  of  Bute  into  two.  The 
'^nlorian  strata  dip  at  high  angles  towards  the  S.£.,  and  present  in  couse- 
^oence  their  upturned  edges  towards  the  N.W.  But  instead  of  forming 
'^iBgh-rngged  crags,  as  these  rocks  when  left  to  themselves  tend  to  do,  the 
•^  and  grits  are  thrown  down  into  the  most  perfectly  smooth-faced  knolls. 
^  tdges  of  the  beds  have  been  planed  off  obliquely.  Moreover,  on  Barone 
^^  the  top  of  which  is  about  520  feet  above  the  sea,  the  abrasion  has  been 
^e  Vy  an  agent  which  came  up  the  steep  northern  face  of  that  eminence, 
•*ttt  right  over  its  summit,  and  pursued  its  course  down  into  the  next  valley 
VywMl   The  striations  run  from  IT.  16' W.  to  N.  20°  E. 

▼OU  XI.  2  L 
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I  was  infonned  by  Mr  Donald  M'Neill,  a  very  intelligent  farmer, 
long  resident  on  the  island,  tliat  many  of  the  boulders  in  that  bay 
resemble  yellow  Mull  granite. 

Mr  McNeill  pointed  out  to  me  several  boulders  on  his  farm  of 
Lower  ELilchattan,  which  have  distinctive  names,  some  of  them 
weighing  from  2  to  3  tons. 

He  also  spoke  of  a  laige  boulder  on  the  west  shore,  about  a  mile 
to  the  south  of  Port  Mor,  between  Dun  Gallon  and  Ardskinnish, 
called  Fingal's  Putting-Stone. 

He  mentioned  that  at  Kiloran,  on  the  north-west  part  of  the 
island,  there  is  a  sandy  bay  which  leads  to  another  bay  called  Port 
Shipness,  where  there  are  many  boulders. 

Some  large  boulders  are  said  to  lie  on  the  small  islands  to  the 
east  of  Oronsay  Island,  where  the  old  cathedral  stands. 

On  several  ridges  of  Colonsay,  sloping  towards  the  west,  boulders 
occur,  as  at  Mullbuie  and  Schoolhouse  Brae.  Those  on  Mullbuie 
are  about  a  ton  in  weight. 

All  the  hill  tops  are  smoothed.  On  Caman-re-Erium,  the  highest 
hill  in  Oronsay,  there  are  said  to  be  tracings  of  ice-markings ;  but  I 
had  not  time  to  search  for  them. 

In  different  parts  of  the  coast  there  are  shingle  beaches  composed 
of  well-rounded,  whitish-coloured  hard  stones,  about  the  size  of  a 
man's  head,  and  under.  Ships  come  sometimes  to  take  away  these 
stones,  to  be  used  for  paving-stones. 


2.  Notes  by  Mr  Donald  M'Neilly  Lower  KUchaMan^  Cdonaay, 

(1.)  At  the  north-east  of  the  island,  on  the  farm  of  Balnahard, 
there  are  granite  rocks. 

At  Scalasaig  there  is  granite  rock  on  the  shore,  and  not  far 
inland. 

The  granite  rocks  in  Colonsay  are  everywhere  of  a  dark  grey 
colour. 

(2.)  The  yellow  granite  used  for  building  the  harbour  at 
Scalasaig  was  brought  from  Mull  by  ships — a  distance  of  about 
12  or  13  miles. 

(3.)  There  are  boulders  in  v§rious  parts  of  Colonsay, 
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Those  which  are  granite  are  (in  my  opinion)  foreign  to  the 
island,  being  of  a  lighter  colour  than  the  rocks  of  the  island.  By 
some  unknown  means,  they  have  been  brought  to  where  they 
now  lie. 

(4.)  There  are  boulders  of  granite,  whinstone,  and  quartz.  Those 
of  granite  are  generally  on  hill  tops. 

Those  which  I  mostly  noticed,  are  lying  on  hill  tops  and  slopes  of 
liills.  There  are  also  a  number  along  the  shore,  on  the  west  side  of 
the  island. 

(5.)  The  boulders  like  paving-stones  are  mostly  on  the  north  and 
west  sides  of  the  island,  along  the  shore. 

They  are  all  rounded,  and  of  an  oblong  shape  generally,  from  the 
nze  of  fine  gravel,  till  some  would  rank  amongst  boulders.  The 
m^iest  bank  of  these  heaps  of  paving-stones  above  the  sea  shore 
ttat  I  know,  will  be  some  80  feet 

The  Colonsay  shingle  beaches  are  the  same  as  Jura's  for  nature  of 
the  stone ;  but  I  believe  Jura's  are  longer  in  extent,  but  not  any 
higher  above  sea-level. 

(6.)  The  Putting-Stone  of  the  Fingalians  lies  on  the  sea  side  of 
^kinnish.  It  is  one  of  the  largest  boulders  in  Colonsay.  I 
^lieve  it  is  whinstone,  and  weighs  some  4  tons  at  least  It  is 
lonnd  in  shape.  Tradition  says  the  Fingalians  used  to  throw  it 
•^^088  the  bay  from  where  it  lies,  to  Dungallon  on  the  opposite 


The  botdders  that  I  am  mostly  acquainted  with,  are  on  hills  sloping 
towarda  the  south. 

Sonldeis  are  lying  on  Colonsay's  highest  hilla  I  don't  know  how 
high  above  searlevel  they  are. 

The  foregoing  notes,  though  supplied  by  gentlemen,  neither  of 
^hom  has  geological  knowledge  or  experience,  appear  to  me  ex- 
^^^^Jifigly  valuable.  They  show  that  on  Colonsay  there  are  boulders 
^^  deserving  of  study,  in  order  to  ascertain  from  what  quarter 
wejr  have  come.  From  the  fact  stated  by  Mr  Stevenson,  that 
^tty  boulders  lie  on  hill  sides  sloping  towards  the  west,  it  is 
pwbable  that  the  boulders  came  from  some  westerly  point, — 
peihapB  from  the  Island  of  MulL  But  by  an  examination  of  the 
Bttnner  in  which  the  boulders  have  been  set  down  or  placed,  by 
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the  agent  which  brought  them,  a  conclusion  on  this  point  may  be 
arrived  at. 

The  thanks  of  the  Committee  are  due  to  Mr  Stevenson  and  Mr 
M'Keill  for  their  attention  to  the  Convener's  application  to  them  in 
this  matter. 

LiNUTHQOWaHIRB. 

1.  Two  years  ago,  the  Convener,  having  been  kindly  invited  by 
Mr  James  Melvin,  tenant  of  Bennington  Farm,  to  examine  some 
boulders  near  his  farm,  went  there  under  his  guidanca 

On  Pumpherston  Estate  there  is  a  bit  of  ground  higher  than 
any  adjoining  district,  on  which  there  is  still  a  considerable  number 
of  boulders,  though  formerly  there  were  more.  The  height  of  the 
spot  IS  about  430  feet  above  the  sea. 

The  largest  goes  by  the  name  of  the  '^  BaUengekh  Boulder**  It 
is  in  girth  10  or  12  feet.  The  spot  on  which  it  lies  is  about  3  feet 
above  the  adjoining  ground.  The  boulder,  though  at  one  time  an 
entire  mass,  now  consists  of  eight  fragments.  How  it  has  been 
broken,  and  when,  is  of  course  matter  only  of  conjecture.  It  seems 
due  to  some  natural  cause.  It  may  have  been  caused  by  atmospheric 
action,  or  by  falling  from  a  height. 

It  is  evidently  an  enatic, — being  a  coarse  dolerite — of  which 
there  are  no  rocks  known  nearer  than  the  Bathgate  hills  to  the  N.  W. 

The  eight  fragments  combined  would  produce  a  mass  of  from  50 
to  60  tons. 

Mr  Maclagan,  M.P.,  the  proprietor  of  the  land,  having  been  so 
obliging  as  to  send  a  labourer  with  a  pick  and  spade,  a  jat  was  dug 
in  two  places  adjoining  the  boulder  to  ascertain  the  nature  of  the 
substance  on  which  it  was  lying.  Boulder  day  of  a  blueish  yellow 
colour  was  below.     The  block  had  sunk  into  it  about  a  foot. 

2.  Not  far  from  this  boulder  there  is  another,  about  a  quarter  of 
a  ton  in  weight,  of  quartzite  with  crystals  of  green  mica^  most  i»o- 
bably  from  the  Highlands. 

The  other  boulders  were  smaller  in  size,  and  of  ordinary  trap, — 
a  rock  abounding  in  many  of  the  adjoining  hills. 

3.  On  the  farm  of  Bottnington,  there  is  a  boulder  known  as  the 
*'  Witches  Stone,^*  about  the  same  size  as  that  on  Pumpherston,  at 
a  height  of  about  431  feet  above  the  sea. 
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It  is  on  Tomain  Hilly  and  on  a  slope,  which  faces  W.N.  W. 

It  is  a  dolerite,  though  not  so  coarse  as  that  on  Punipherston. 

Mr  MelTin  had  an  excavation  made  under  the   boulder,  and 

ascertained  that  it  rested  partially  on  the  trap  rock  of  the  hill ;  this 

rock,  however,  being  different  in  composition  from  that  of   the 

boulder.     The  nearest  rock  of  the  same  kind,  known  to  Mr  Melvin, 

he  stated  to  be  in  the  Bathgate  hills,  situated  about  5  miles  to 

W.KW. 

There  is  a  vaUcj  between  these  hills  and  Tomain  Hill,  across 

which  the  boulder  must  have  been  transported. 

This  boulder,  like  that  at  Ballengeich,  has  been  broken,  and  con- 

nsts  of  six  fragments.     The  principal  mass  lies  to  the  west  of  the 

fragments,  as  if  they  had  been  broken  off  by  some  force  from  the 

westward ;  or  they  may  have  been  broken  off  by  concussion  if  the 

original  mass  fell  from  a  height. 

The  fragments  have  certainly  not  come  off  at  any  recent  period. 

Judging  by  their  surfaces  they  look  quite  as  ancient  as  the  principal 

man 

The  principal  mass  is  well  rounded  on  all  its  sides,  suggesting 

much  rough  treatment  ere  it  reached  its  sita 

Some  interest  attaches  to  the  boulder  on  account  of  a  set  of 

**  cop  markings  "  on  it,  of  which  an  account  is  given  by  Mr  Smith 

in  a  late  volume  of  the  "  Transactions  of  the  Scotch  Society  of 

Antiquaries." 

It  is  right  to  add  that  if  a  line  be  drawn  from  Tomain  Hill  to  the 

Bathgate  hills,  it  passes  close  to  the  site  of  the  Ballengeich  boulder. 

i  Mr  Melvin  mentioned  to  the  Convener  that,  on  the  S.E. 

^  of  this  Tomain  Hill,  there  was  once  a  dolerite  boulder  (which 

^had  Been)  measuring  21  x  5  x  4  feet,  lying  with  its  longer  axis 

^  and  W.,  and  at  a  height  of  about  300  feet  above  the  se& 

If  it  came  from  the  Bathgate  hills  (which  was  probable),  it 

wuld,  in  his  opinion,  have  come  only  by  floating  ice,  through  the 

^*%  between  Tomain  and  the  Crow  hills,  i.e.,  from  the  west- 
waii 

5.  Mr  Melvin  further  informed  the  Convener,  that  in  the 
chamiel  of  the  Kiver  Almond,  below  Kirkliston,  there  is  a  boulder 
<tf  Old  Bed  Sandstone  conglomerate, — ^the  nearest  parent  rock  of 
which  was  probably  the  well-known  belt  of  conglomerate  crossing 
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Scotland  in  a  N.K  direction  from  Dumbarton.  This  conglomerate 
boulder,  5|  x  4^  x  4  feet,  had  its  comers  well  rounded.  The  nearest 
point  to  the  parent  rock  in  sitv^  would  be  at  or  near  Callander,  a 
distance  of  about  40  miles,  in  a  direction  about  N.W.,  with  several 
ranges  of  hills  and  valleys  intervening. 

6.  Mr  Melvin,  at  Eatho  Railway  Station,  drew  the  Convener's 
attention  to  the  greenstone  rocks  there,  how  they  are  well  rounded 
and  smoothed  on  their  sides  facing  the  W.  whilst  on  their  sides 
facing  the  E.  they  were  rough. 

He  also  pointed  out  how,  on  several  of  those  smoothed  surfaces, 
there  are  numerous  strise  and  ruts  running  in  a  direction  W.N.W. 
and  E.S.K  (magnetic). 

Portions  of  these  smoothed  and  striated  rocks  are  covered  by 
boulder  clay  or  till,  containing  many  small  boulders  and  hard 
pebbles,  which,  by  passing  over  and  pressed  down  on  the  rocks, 
might  have  produced  both  effects. 

A  number  of  large  trap  boulders  were  l3ring  about.  The  largest 
examined,  weighing  between  2  and  3  tons,  has  horizontal  striae  on 
its  side,  which  faced  N.N.W.  These  striae  might  have  been  formed 
by  a  force  coming  in  a  direction  from  W.N.W.  and  striking 
obliquely  on  that  side  of  the  boulder. 

This  locality  is  at  a  height  of  from  180  to  190  feet  above  the 
sea. 


NOTES  BY  PROFESSOR  FORSTER  HEDDLE, 
OP  ST  ANDREWS  UNIVERSITY, 

Lowlands. 

In  April  1880,  whilst  there  was  still  so  much  snow  on  the  High- 
land hills  as  to  render  explorations  on  them  impossible,  the 
Professor  went  to  Dumfriesshire,  having  received  notice  of  two 
boulders  among  the  Wanlockhead  hills. 

(1.)  The  first  he  examined,  called  "The  Crooked  Stone,"  lies  in 
a  field  on  the  right  bank  of  the  Clyde,  about  3  miles  above  Elvan- 
foot  Station.  The  stone  protrudes  above  the  surface  about  5  feet 
Its  width  is  nearly  5  feet ;  its  thickness  about  1^  feet 

It  is  on  a  knoll  projecting  somewhat  above  the  adjacent  Iive^ 
terraca 
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The  rockB  about  in  situ^  are  6reywack&  The  boulder  is  also 
Crieywackey  but  much  more  gritty  than  any  of  these  rocks  in  its 
neighbourhood. 

In  walking  some  distance  up  the  valley,  at  the  mouth  of  which 
the  boulder  lies,  gritty  rock,  similar  to  that  of  the  boulder,  was  met 
with  on  the  slopes  of  Dunlaw  Hill. 

(2.)  The  other  boulder  lies  within  a  field  on  the  north  side  of 
Ctanwich  Water,  about  half  way  between  the  farm  of  Crossbank  and 
Bpango  Bridge. 
This  stone  protrudes  about  4  feet  above  the  ground, — and  is 

nearly  rectangular,  the  breadth  of  the  sides  being  each  about 

Hfeei 
It  is  a  Dolerite,  formed  of  platey  augite  in  large  crystals,  with 

^ery  iitUe  felspar.     It  has  an  unusually  rough  surface.     It  differs 

from  any  rocks  in  the  neighbourhood,  but  resembles  the  rock  of 

thiee  Dolerite  dykes  which  cross  the  coimtry  some  miles  to  the 

north. 

(3.)  To  try  and  discover  the  parent  rocks  of  these  boulders,  a 
walk  was  taken  along  the  central  ridge  of  the  Lowthers,  as  well  as 
^^  several  of  the  spurs  and  valleys  stretching  on  the  one  hand  to 
^^  Clyde,  and  on  the  other  to  the  Nith,  but  without  result 

To  save  trouble  to  future  explorers,  it  may  be  mentioned  that  the 
following  hills  were  ascended,  viz.,  Lowther  Hill,  Green  Lowther, 
I^ongrain  Law,  Dunlaw,  Hawk  Wood,  Broad  Law,  Hunt  Law, 
Slough  Hill,  Stoor  Hill,  Glen  Gober  Hill,  Low  Mill  Knowe,  Clock- 
Wn  Hill,  The  Dods. 

Highlands. 

^or  the  reason  just  assigned,  the  Professor  notes  in  detail  the 
^ons  mountains  visited,  though  no  boulders  were  found  on  them. 
^«  observes,  that  had  this  practice  been  followed  by  previous 
geological  surveyors,  he  would  probably  have  been  saved  many  a 
toiliome  climb  during  the  last  two  years. 

Bat  he  states  an  additional  reason  for  indicating  the  mountains 
where  no  boulders  were  discovered. 

From  last  year's  Eeport  it  will  be  seen,  that  he  had  observed,  in 
^  least  two  districts  of  Argyleshire,  distinct  *^  streams  of  boulders" 
while  the  districts  adjoining  these  streams  contained  none. 
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The  fact  of  there  being  two  such  streame,  suggested  the  proba- 
bility of  there  being  others ;  so,  as  both  of  these  streams  indicated 
a  direction  about  east  and  west»  he  resolved  to  cross  the  coontiy 
in  a  north  and  south  direction  elsewhere,  at  the  same  time 
following,  as  much  as  possible,  the  ridges  of  the  hills  lying  that 
way,  and  climbing  to  the  summits,  for  the  sake  of  having  an 
extensive  view.  Being  accompanied  in  this  expedition  by  two  or 
three  friends,  each  provided  with  a  binocular,  it  was  not  likely  that 
boulders  of  any  size,  visible  within  half  a  mile  of  the  route  followed, 
would  be  missed. 

Professor  Heddle  carried  with  him  an  Ordnance  map  with  contour 
lines,  which  at  once  indicated  the  heights  of  the  hill  ranges,  and  on 
these  he  has  drawn,  with  a  thick  red  line,  the  exact  route  takea 
This  map  he  has  sent  to  the  Convener.  To  him  it  has  been  of 
much  service  by  enabling  him  to  follow  the  Professor's  notes. 

But,  before  specifying  the  names  of  the  hills  visited,  and  Uie 
results,  it  is  not  unimportant  to  notice  some  romarks  by  the  Pro- 
fessor of  a  general  naturo  bearing  on  the  best  way  of  boulder 
hunting. 

He  states  that  former  explorations  had  impressed  upon  him  the 
advantages  of  making  a  search  chiefly  along  hill  ridges,  and  of  acaling 
bills  to  their  summit  In  the  fird  place,  a  more  extended  range 
of  observation  is  obtained,  and  in  the  second  place  there  is  more 
probability  of  finding  the  boulders  in  their  original  positions. 

If  boulder  hunting  is  carried  on  in  glens  or  valleys,  as  has 
hitherto  usually  been  the  case,  the  range  of  observation  is  exceed- 
ingly limited ; — whereas,  from  a  hill  top,  a  panorama  of  a  wide 
range  of  country  may  be  obtained,  which,  besides  showing  boulders, 
makes  the  gradients  of  the  country  more  intelligible,  and  indicates 
where  there  may  have  been  passages  for  ice,  whether  land  or 
sea  ice. 

Another  advantage  is,  that  if  boulders  are  met  with  on  hill  tops 
or  hill  ridges,  it  is  almost  certain  that  they  occupy  the  position  in 
which  they  were  originally  placed  by  the  agent,  whatever  it  was, 
which  brought  them.  But  boulders  in  a  valley,  or  on  the  sides  of 
a  valley,  may  have  rolled  down  from  a  higher  level,  and  thua  afford 
far  fewer  data  for  safe  reasoning. 

Professor  Heddle  observes  that  there  are  ranges  of  hiUa  of  oon- 
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deyatioiiy  more  or  less  coniinuons,  whicli  stretch  north- 
lazd,  commieiiciiig  near  Bowardennan,  to  the  south  of  Ben  Lomond, 
and  leaching  to  the  neighhourhood  of  the  Dochart  and  Loch  Tulla, 
where  the  stream  of  boulders  was  first  recognised  by  him  in  the 
ptevioas  year. 

1.  This  accordingly  was  the  general  line  of  route  he  decided  to 
take,  and  the  following  is  a  diary  of  his  explorations. 

Fird  Day. — ^Bowardennan  to  Inversnaid,  by  Ben  Lomond  (3192 
feet). 

Near  Bowardennan,  much  appearance  of  glaciation  along  banks 
sloping  to  the  loch,  showing  a  southerly  movement 

A  dyke  of  Diorite  strikes  eastward  above  Bowardennan  to  a 
bei^t  of  about  450  feet  A  few  small  blocks  from  this  dyke  lie 
t  short  distance  from  it  on  its  south  side ; — ^but  there  are  none 
on  the  north  side. 

At  the  foot  of  the  north  slope  of  Ben  Lomond^  a  very  unusual 
and  characteristic  Grey  wacke  rock  in  situ  was  noticed.     It  contains 
Qodnles  of  milk-white  quartz  larger  than  almonds.   It  will  be  referred 
to  when  an  excursion  along  the  Ochils  comes  to  be  mentioned. 
No  notieeahle  boulders  were  found. 

Seemd  Day. — Grossed  Loch  Lomond,  and  went  along  the  whole 
^dBen  Vorlieh,  and  over  its  two  summits  (3092  and  3055 
te)  on  to  Inveiaman.     No  botdders  were  seen, 

'^rd  Day, — Ferried  the  Biver  Aman,  and  went  along  the  terribly 
'^  lidge  of  Benr<irChabavr  (3054  feet) ;  then  down  into  the  col 
^een  it  and  Ben-a-Chastle  ;  then  up  to  the  top  of  Ben^t-Chastle 
(3265  feet) ;  then  down  along  its  ridge  (where  saw  the  BrockeUy  for 
4e  second  time  in  Scotland)  to  Crianlarich.     No  boidders. 

fowik  Day, — Went  over  Chrag  Loisgte  (2750  feet),  Ben  Challum 
(3354  feet),  down  to  Strath  Lochy ;  then  over  Stron-nan-Eim 
(2747  feet)  and  Creag  Mhor  (3387  feet) ;  then,  down  into  the  col 
*^een  its  second  top  and  Cam  Chreag  (2887  feet) ;  next,  over  the 
•  ^  into  Glen  ChoUleun,  then,  over  Beinn  Odhar  (2848  feet)  and 
Qown  its  ridge,  back  to  Crianlarich.     No  boulders  seen. 

Bat  in  the  col  between  the  second  top  (name  not  given  in  inch 
^)  of  Oreag  Mhor  and  (Jair  Chreag ^  some  interesting  and 
\!^o&i%  appearances  attracted  attention,  which  the  Professor  says 
he  hid  noticed  in  other  parts  of  Scotland. 

VOLXL  2  m 
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At  the  very  head  of  the  col  (2480  feet),  just  where  it  folds  over 
to  the  watershed,  where  streams  rise  to  flow  in  opposite  directions, 
''  there  are  numerous  heaps  of  gravel  similar  to  what  are  known 
among  the  Swiss  glaciers  as  *  dirt  cones.*  These  were  higher  and 
larger  in  the  sides  of  the  trench  than  in  its  centre.  Thej  continue 
but  a  short  distance  down  the  valley  on  each  side,  diminishing  in 
size  towards  the  lower  levels." 

If  "  dirt  cones "  (as  is  generally  alleged)  be  formed  by  running 
water  on  the  surface  of  ice,  carrying  stones  over  the  edges  of  the 
crevasses  and  depositing  them  at  the  bottom,  may  it  not  be  inferred 
that  there  was  a  mass  of  ice  here  which,  at  the  col,  broke  into  two 
divisions,  forming  a  glacier  for  each  valley  ? 

(The  Professor  remarks,  that  this  was  the  second  hardest  walk 
during  one  day  which  he  ever  took,  the  distance  travelled  being 
26  miles,  and  the  amount  of  ascent  being  7900  feet) 

Fifth  Day. — Eetumed  to  re-examine  the  col,  going  by  the  valley 
between  Ben  Chaluim  and  Benruan-Marsen  to  top  of  Creag  Mhor's 
second  top,  then  over  the  col  to  Cram  Greag^  and  back  by  Gtenra- 
Clachain. 

No  boidders  seen. 

Sixth  Day. — ^From  Tyndrum  over  Ben  Doreann  (2523  feet)  to 
Inveraman«  No  boulders  were  seen,  except  some  mentioned  in  last 
year's  Notes  (these  apparently  omitted  to  be  noticed  in  last  year's 
Report),  near  the  bridge  over  the  Orchy. 

Seventh  Day. — Examined  the  sides  of  Ben  More  (3843  feet), 
Stoh  Luib,  and  the  trench  of  the  Dochart  Found  the  highest 
glacial  markings  to  be  upon  Stob  Luib  at  a  height  of  760  feet 
above  Luib  Eailway  Station. 

From  the  material  of  the  till,  and  the  closed  nature  of  the 
countiy,  the  Professor  concluded  all  to  be  due  to  a  local  glacier 
rising  in  Ben  Laogh^  and  laigely  fed  from  Ban-nan-Imarean 
(2769  feet)  and  other  hills  north  of  the  Dochart ;  the  glacial  stri» 
on  Stob  Luib  pointing  more  to  these  hills  than  directly  up  the  glen. 
Ben  Laogh  bears  W.N.W. 

EiglUh  Day,  —  Went   over   Ben    MorCy  Am    Binnean  (3827 
feet),  Stob  Choire  an  Lochan  (3497  feet),  Am  Mam  (2500  feet) 
Meal  Monachyle    (2122  feet),   down  the  Braea  of  Balquhidder 
to  lA>ch  Earnhead,    No  boulders  and  no  glaciatiop  oyer  the  grett 
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col   between    Ben    More    and  Am  llnnican    (2800    feet)    were 
seen. 

Ninth  Day, — Went  over  Ben  Vorlich,  then  over  Stiich  a  Chroiiiy 
Meal  OdhoTy  to  Callander.     No  boulders. 

Tenth  Day.— From  Callander  over  Ben  Ledi  (2882  feet) ;  a  hill 
ridge  to  Ben  Vane,  and  down  to  Straihyre.  No  boulders,  except 
some  of  gneiss  near  Callander.  (On  three  of  these  days  Professor 
Heddle  was  alone,  on  the  others  he  was  accompanied  by  a  party  of 
never  smaller  than  four.  The  sides  and  ridges  of  the  hills  were 
swept  by  binoculars.) 

Professor  Heddle's  notes  next  mention  his  return  to  Arrochar, 
and  on  the  fird  day  ascending  the  Cobler  (2400  feet)^  making  the 
ciide  of  its  summit^  and  descending  to  the  col  between  Ben  Naman 
«nd  Beinn  Ime  (3318  feet),  and  returning  by  the  valley  between 
^  Naman  and  the  Cobler.  He  observed  glaciation  (ill-defined) 
P^ssmg  north-eastward.  There  were  a  few  rounded  blocks  of  Syenite 
lyuig  on  the  col,  which  seemed  to  have  been  moved  in  a  north- 
**8teriy  direction,  from  veins  of  that  rock  in  the  coL 

On  the  following  day  he  ascended  Ben  Naman,  through  and  by  the 
^  of  what  he  terms  a  "  Cradle  Cup,'  to  its  summit,  and  then 
down  to  the  col  between  it  and  Ben  Ime,  over  its  summit  to  the 
^l  between  it  and  the  north  hiU  (name  unknown),  down  by 
^ngragain  and  back  by  Glen  Loin.  Boulders  of  the  same 
Sjenite  were  seen  on  several  parts  of  Choiregrognain.  Several 
▼ejus  or  dykes  of  this  Syenite  were  found,  especially  a  veiy  large 
one  protruding  from  the  north  shoulder  of  Crois  (2785  feet). 
AaBuming  that  the  boulders  came  from  these  dykes,  they  had  by 
>ome  agency  been  transported  eastward. 

He  "  Cradle  Cup,"  lying  between  Crois  and  Ben  Aman,  is 
described  as  "  an  elevated  and  confined  little  valley,"  with  a  rocky 
^  which  if  neve  was  formed  there,  might  have  retained  it  long 
enough  to  allow  of  it  being  converted  into  ice,  supposing  the 
^^^unaie  to  have  been  suitabla  Not  even  in  the  contracted  portion 
of  valleys,  is  there  so  marked  an  amount  of  grinding,  grooving, 
^  polishing  seen,  as  was  seen  upon  the  inner  side  of  the  rock 
dm  of  this  "  Cradle  CupP  These  evidences  of  ice  action,  at 
an  elevation  of  only  1500  feet  above  the  sea,  are  all  the 
OKne  remarkable,  on  account  of  the  total  absence  of  glaciation 
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throughout  the  whole  sweep  of   Choiregrogain  from  its  extreme 
altitude  of  1700  feet  down  to  the  level  of  Loch  Long. 

The  manner  in  which  this  little  Choire  Sugatk  is  shut  in  from 
the  west— firsts  by  the  spur  which  connects  Ben  Naman  with  CroU  ; 
and  secondly  J  by  the  towering  bulk  of  Ime  to  the  back  of  this ;  and 
thirdly  J  the  palpable  shedding  of  its  ice  to  the  eastward,  out  of 
a  hollow  surrounded  with  craggy  and  rough-edged  rocks,  and  in  a 
district  which  nowhere  else  shows  glacial  action,  is  unfavourable  to 
the  supposition  that  the  ice  which  had  been  grinding  the  loeks  had 
come  either  from  any  floating  sheet  from  the  west,  or  from  any 
enveloping  mantle  from  the  east.  The  parts  here  seem  to  show 
that  though  elsewhere  there  may  be  examples  of  either  or  both  of 
these  agencies,  there  is  evidence  that  the  temperature  of  the  country 
was  at  one  period  such  that  glaciers,  however  small,  were  generated 
and  cradled  among  its  hills. 

From  Arrochar  Professor  Heddle  walked  across  the  range  of  hills 
towards  Loch  GoUhead;  one  day  was  spent  in  visiting  Loch 
RestU  and  Ben  Loehun  (2955  feet).  On  the  following  day 
he  went  up  Corry  Corran;  then,  over  the  shoulders  of  Beinn 
Lochain  (2304  feet) ;  then,  into  the  trough  of  Corry  Lochain  ; 
over  the  ridge  and  top  of  Bfiinn  Bheida  (2557  feet) ;  over 
the  north  shoulder  of  Cnoc  na  Trierichej  down  to  Lochosn  nan 
Onaimh,  over  Crauch  nan  Miseag  (1989  feet)  and  back  to  Loch 
Goilhead  by  the  i^ore.  No  boulders,  moraines,  or  kaces  of  glacia- 
tion  were  seen  during  these  two  days. 

Professor  Heddle,  on  a  review  of  the  whole  of  the  foregoing 
explorations,  states  that  the  South-Westem  Highlands  appeared  to 
be  singularly  barren  of  boulders  at  high  elevations,  and  that  the 
only  traces  of  ice  afforded  evidence  of  glaciers  of  small  size,  formed 
in  some  of  the  valleys  and  hollows  among  the  higher  hills. 

He  thereafter  decided  to  return  to  the  more  northern  district  of 
the  Highlands,  where  in  the  previous  summer  he  had  met  with. 
boulders  of  large  size,  not  only  perched  upon  ridges,  but  forming 
streams,  stretching  for  miles  continuously. 

As  one  otf  these  streams  had  been  found  on  the  Moor  of  Eannoch^ 
and  extended  eastward  to  and  beyond  Loch  Tulla,  ho  went  U> 
Fortingall,  that  he  might  from  that  point  follow  the  chain  of  hill^ 
which  block  more  or  less  the  moor  at  its  eastern  end. 
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The  coune  lay  over  Ben  Dearg  (2000  feet),  Creag  Mhor  (3000 
feet),  an  nimamed  hill  west  of  this  (3240  feet).  Cam  Mairg  (3419 
feet),  Malharran  Odhar  (2230  feet),  Oeal  Cham  (2595  feet),  Creag 
Mhor  (2250  feet). 

Nothing  was  discovered  on  any  of  these  hills  till  Geal  Cham  was 

reached.     After  the  top  of  it  was  passed,  and  about  400  yards 

beyond   it,  at  the  height  of  2498  feet,  two  boulders  were  found, 

about    100  yards  from  each    other,    and    weighing  each    about 

7  tons.     This  hill  of  Oeal  Cham  with  Creag  Mhor  to  the  north, 

fonoB  a  continuous  ridge  running  nearly  north  and  south,  crossing 

therefore  the  great  central  trough,  of  which  the  Moor  of  Rannoch 

forma  part,  the  general  level  of  which  moor  is  not  more  than  from 

900  to  1000  feet  above  the  sea.     If,  as  the  explorations  of  the 

preTioQB   year    showed,    boulders    had    been    dropped    by    some 

means  from  the  west  along  Bannoch  Moor  in  the  form  of  a  stream, 

none  were  likely  to  be  found  on  any  of  the  hills  to  the  south  of 

Ged  Cham,  as  these  hills  were  blocked  by  higher  hills  to  the  west, 

niGh  as  Meall  Garhh  (3048  feet)  and  Meall  Bnear  (2291  feet).     On 

TMnim'ng  the  rock  composing  these  two  boulders,  Professor  Heddle 

was  of  opinion  that  it  was  the  same  as  that  of  the  boulders  lying 

near  Loch  Tulla,  and  which  he  had  tracked,  from  one  hill  to  another, 

tiUarock  m  ntu  the  same  in  composition  was  found  on  the  high  hill 

calkd  Albannach,  about  12  miles  to  the  west.     The  only  difiference 

vhich  he  could  detect  was,  that  the  rock  of  the  Geal  Cham  boulders 

^  ^  somewhat  of  a  coarser  grain." 

Gonoeiving  that  this  hill  of  Geal  Cham,  by  lying  transversely 
<^cn)8B  the  trench,  had  caught  some  of  the  boulders,  it  occurred  to 
^feeaor  Heddle,  that  as  the  loftier  mountain  of  Schehallion, 
ntoated  about  3  miles  to  the  east^  was  also  in  such  a  position,  that 
itioay  have  intercepted  some  of  the  Albanach  boulders,  he  ascended 
it  on  the  following  day. 

He  bad  not  much  expectation  of  finding  boulders  on  it,  as  it  forms 
^  ebngated  range  in  a  nearly  east  and  west  direction.  However, 
vhen  he  was  about  140  feet  from  the  summit  (that  is  3407  feet 
^e  the  sea),  he  did  find  at  its  west  end,  a  boulder  of  Albannach 
8^te,  of  about  three-quarters  of  a  ton  in  weight. 

Ptofessor  Heddle  states  that  he  looked  about  for  more  granite 
blocks,  but  did  not  fiedl  in  with  any.     The  sides  near  the  top, 
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especially  on  the  north  side,  he  says,  are  covered  by  '*  loose  blocks 
of  the  porcelain  porphyry  of  which  the  hill  is  formed." 

The  Convener  can  on  this  point  supply  information  obtained  by 
himself  some  years  ago,  on  the  occasion  of  his  ascent  of  Schehallion. 
He  gives  the  following  extract  &om  his  geological  diary  : — 

"  1872,  August  27. — ^Went  up  Schehallion,  in  company  with 
Principal  Shairp  of  St  Andrews  and  Professor  Blacki&  We  began 
ascent  at  I*'  50*,  and  reached  summit  at  5*^  10*. 

''  We  went  up  by  a  ridge  of  the  mountain  running  east  and  west 
The  height  of  hill  I  made  by  aneroid,  3450  feet.  I  believe  Professor 
Nicol  made  it  3561.* 

"  For  the  first  1000  or  1500  feet,  from  where  we  began  our  ascent 
(at  Braes  of  Forss)  on  east  side,  beds  of  sand  and  gravel  were 
observed.  Near  the  top,  there  were  quantities  of  small  pebbles, 
apparently  fragments  of  the  hill  rock,  which  is  a  sort  of  hard  sand- 
stone, somewhat  like  quartzite.  Near  top,  observed  a  few  small 
granite  boulders. 

''The  upper  part  of  the  hill,  especially  on  side  facing  N.W. 
by  W.  (magnetic),  was  comparatively  smooth,  but  saw  no  striations. 
On  that  side,  however,  the  angles  were  more  rounded  than  on  any 
other  side. 

"  On  descending,  we  did  not  return  along  the  ridge  or  back-bone 
by  which  we  had  ascended.  We  slanted  down  in  a  S.K  direction. 
On  the  way,  I  noticed  various  granite  boulders,  but  none  exceeding 
a  ton  in  weight.  I  chipped  some,  and  found  them  to  be  all  a  fine- 
grained gray  granite.  These  were  most  numerous,  at  a  height  of 
from  2000  to  3000  feet  above  the  sea. 

''  Observed  also  in  our  descent,  that  there  were  smoothed  rocks, 
and  chiefly  at  a  height  of  about  2500  feet.  I  was  struck  with  the 
fact,  that  I  saw  no  smoothings  above  that  height 

''  Observed  in  the  banks  of  the  bums  flowing  down  the  south 
side  of  Schehallion,  high  clififs  of  boulder  clay,  at  a  height  of  about 
1200  feet  above  the  sea. 

*'  On  showing  my  chips  of  the  boulders  to  Principal  Shairp,  and 
asking  if  he  had  ever  seen  elsewhere  rocks  of  a  similar  composition, 
he  said  he  had  been  at  Loch  Sunart  last  year,  and  had  noticed 
granite  rocks  there  very  similar  to  that  of  the  boulders." 

*  By  Ordnance  Sanreyors  it  is  made  8547  feet 
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The  contour  lines  on  the  ordnance  map  indicate  that  the  longer 
axis  of  Scheballion  runs  abont  W.N.W.  and  E.S.E.  It  has  a  large 
flank  facing  the  W.S.W.,  which  could,  therefore,  readily  intercept 
any  boulders  brought  from  any  point  between  S.  and  W.N.W. 

Since  the  foregoing  paragraphs  were  written,  I  have  found  further 
proof  of  there  being  granite  boulders  on  Schehallion,  in  the  follow- 
ing extract  from  a  paper  by  the  late  Eobert  Chambers  in  the 
"Edinburgh  New  PhiL  Journal  for  1855  "  (vol.  i.  p.  101). 

"  Schehallion  is  composed  of  quartz  rock.    It  is  abrapt  to  the  west, 

and  tails  away  to  the  east      I  found  surfaces  at  several  places 

l)earing  that  peculiar  streaking  which  I  had  remarked  as  a  glacial 

phenomenon  peculiar  to  quartz  rock,  on  the  mountain  of  Queenaig 

in  Aflsynt.     At  about  the  height  of  2200  feet  above  the  sea,  there 

is  a  fine  group  of  examples.     There  is  another  similarly  striated  or 

itieaked  surface,  a  few  hundred  feet  below  the  summit  of  the  hill. 

The  direction  of  the  striaiion  in  both  instances  is  W.  30**  N. 

AVmt  800  feet  below  the  summit^  I  found  a  block  of  granite ;  and 

in  aeyeral  other  places  there  are  blocks  of  other  rocks,  likewise 

different  from  those  of  which  the  hill  consist&     From  all  I  have 

Ken,  I  entertain  no  doubt  that  Schehallion  owes  its  form  to  a 

glacial  agent,  which  has  engulfed  the  whole  range." 

These  observations  by  Dr  Chambers  and  me  confirm  Professor 
Heddle's  statements  :—-^8^,  as  regards  the  existence  of  granite 
Wden  on  Schehallion;  second,  as  regards  the  direction  of  the 
>^ieam  which  brought  them ;  for  there  can  be  little  doubt  that  the 
^noBport  of  boulders  and  the  striation  of  rocks  on  such  an  isolated 
mountain  as  Schehallion  can  be  well  accounted  for  by  the  same 
•gency. 

The  result  of  these  explorations  in  the  Black  Mount  district  has, 
ikeiefoie,  been  to  confirm  the  correctness  of  the  conclusions  come  to 
^  the  previous  year,  that  boulders  had  been  strewed  over  the  dis- 
t^  in  a  sort  of  iratnSe  from  Albannach  Hill  in  an  easterly  direc- 
tion, and  that  portions  of  the  stream  had  reached  Schehallion. 
^ome  of  these  boulders  were  in  last  year's  Report  stated  to  have 
been  found  at  a  height  of  2530  feet  above  the  sea.  This  year's  ex- 
plonttions  showed  them  in  positions  2498  feet  (on  Goal  Cham)  and 
^7  feet  (on  Schehallion)  above  the  sea. 

Albannach  Hill  reaches  to  a  height  of  3425  feet  above  the  sea. 
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Some  hesitatioa  may  be  felt  in  assuming  that  the  boulder  on 
Schehallion,  being  only  18  feet  below  the  highest  summit  of 
Albannach,  could  have  come  from  Albannach;  but  it  is  quite 
possible  that  Albannach  Hill  may,  since  the  boulder  epoch,  have 
been  lowered  by  denudation. 

A  sketch  of  the  Eannoch  district  is  given  on  Plate  lY.,  with  red 
dots  to  show  the  positions  of  the  boulders  seen  and  identified  by 
Professor  Heddle. 

Professor  Heddle  adds,  that  having  heard  that  other  observers 
had  found  boulders  on  Schehallion,  and  which,  were  supposed  to 
have  come  from  the  Ben  Aulder  district,  he  thinks  it  right  to 
mention  that  there  is  in  fact  no  granite  in  the  hills  of  that  district^ 
except  at  one  locality,  where  Prince  Charles's  Cave  is  situated,  at 
which  place  the  grauite  is  composed  of  crystals  an  inch  or  more  in 
siise,  by  which  it  is  quite  distinguishable  from  the  boulder  he  found 
on  Schehallion,  and  from  the  Albannach  granite. 

2.  Another  district  examined  last  year  by  Pirofessor  Heddle,  was 
both  banks  of  the  Linnhe  Loch  to  the  S.W.  of  Fort  William. 

It  will  be  seen  from  last  year's  Eeport,  that  at  two  places,  there 
were  appearances  for  which  he  could  not  account^  except  on  the 
supposition  that  some  agent  had  brought  boulders  across  the  Linnhe 
Loch,  from  the  district  of  Glen  Tarbert^  to  the  districts  at  the  head 
of  Glen  Crerar  and  Glen  Etive. 

In  order  to  seek  for  symptoms  of  glaciation  in  the  Glen  Tarbert 
district,  Professor  Heddle  last  year  crossed  by  the  Connal  Ferry. 

That  glen,  and  several  hills  and  valleys  adjoining  it,  were  ex- 
amined with  little  success.  Boulder  clay  only  was  found,  viz.,  in 
Glen  Tarbert  itself. 

At  length  a  valley  called  Coir  Syveamhael^  running  in  a  N.W. 
and  S.£.  direction,  was  found '' tremendously  glaciated"  between 
the  altitudes  of  950  feet  and  1550  feet. 

Marks  of  glaciation  were  also  strong  between  Meall  C%atf ttcm  and 
Meala-Chairean  Zuachraid,  These  marks  showed  movements  not 
only  over  the  col  (1680  feet)  but  for  a  certain  distance  up  the  north 
slopes  of  Meal  Challium,  the  rocks  of  which  had  been  powerfully 
acted  on.  The  course  of  the  ice,  judging  from  the  amoothings  of 
these  rocks,  seemed  to  have  been  from  W.N.W. 

The  glaciation  extends  down  into  the  valley  called  (hire  Meall 
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OhaUiumy  the  sides  of  which  are  so  markedi  down  to  a  level  of 

abont  950  feet 
No  houlders  were  found  on  these  hills  or  in  the  valleys. 
From  these  glaciated  hills  a  view  across  the  linnhe  Loch  was 

obtained;  and  in  particular,  looking  along  the  groovings  of  the 

rocks  on  the  sides  of  (Joire  Modi  Challium^  the  eye  catches  a  sight 

of  the  trench  of  the  River  Durer^  and  hits  upon  "  the  very  spot  in 

the  ismall  col  in  the  spur  of  Fraochaidh,  where,  at  almost  the  same 

altitude,  glacial  strim  were  ohserved  in  1879." — (See  p.  42  of  last 

yeafsEeport) 

3.  Another  set  of  hills  visited  on  the  north  side  of  the  Linnhe  Loch 
aie  those  embracing  Gflen  Conar,  Having  followed  up  the  glen  for 
3  miles  without  finding  boulders  or  marks  of  glaciation.  Professor 
Heddle  states  that  he  struck  off  by  hills  marked  on  the  ordnance 
nu^,  8gw  an  Luhhair^  Stab  Coire  Riach  and  Stab  Ghoire  a  CJiear- 
(^,  On  the  last-mentioned  hill,  ho  found  so  remarkable  a  trainSe 
of  boulders  that  it  at  first  occurred  to  him  they  might  possibly  have 
W  derived  from  a  natural  dyke  or  vein  which  had  disintegrated. 
He  aeaiched  carefully  for  such,  but  could  see  no  traces  of  any.  The 
booldeiB — for  such  he  now  considered  them  to  be — lay  on  and  along 
a  ridge  of  the  hill  for  nearly  a  mile,  at  heights  varying  from  2400 
^  1800  feet)  below  which  last  level  none  were  found.  The  direc- 
tions of  the  tratnSe  was  N.N.W.  and  S.S.E.  The  boulders  were 
RBDenUy  not  larger  in  size  than  a  cubic  yard,  and  consisted  mostly 
of  a  peculiar  syenite  with  some  of  the  felspar  crystals  of  a  red 
colour,  and  with  hornblende  of  a  lively  green  colour.  He  counted 
^eteen  boulders  of  that  kind.  There  were  also  other  boulders 
^terspeised,  of  ordinary  syenite,  gneiss,  and  trap. 

Ab  it  appeared,  to  him  that  the  ice  which  brought  these  boulders 
'^  atoned  the  Linnhe  Loch,  Professor  Heddle  next  visited  several 
^  on  the  opposite  or  south  side  of  the  Loch,  in  hopes  of  discover- 
^  boulders  of  the  same  peculiar  syenite.  One  of  the  many  hills 
^ted  was  Bein  Bhfin^  reaching  to  a  height  of  1500  feet.  I'he 
rocb  in  this  hill  are  of  clay  slate,  and  at  its  summit,  on  the  east 
^0,  there  is  quartzite  with  embedded  crystals  of  hornblende. 
Another  hill,  not  far  off,  is  Beinn  na  Gucaig,  reaching  to  a  height 
0^  2017  feet)  composed  of  quartzite  overlying  clay  slate. 
On  both  of  these  hiUs,  boulders  of  the  peculiar  syenite  seen  on 

lOU  Z^  2  "N  
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the  Stoh  a  ChearchaiU  ridge  were  foundy  up  to  their  respective 
summits. 

On  the  Bein  Bhan  hill  a  ridge  runs  up  from  the  north-east 
towards  its  summit^  on  which  ridge  one  of  the  boulders  was  found 
in  so  peciQiar  a  position,  that  a  sketch  of  it  was  taken,  the  shading 
being  filled  in  by  Mr  Colin  I^illip  (an  artist)  who  accompanied 
Professor  Heddle.     (Plate  IIL,  figs.  5  and  6). 

The  boulder  consisted  of  six  pieces,  the  smallest  being  lower- 
most The  question  arose,  What  had  fractured  the  boulder  t 
Atmospheric  action  did  not  seem  the  agent  The  surfaces  of  the 
fragments  where  rent^  were  somewhat  conchoidal  in  shape,  and 
indicated  rupture  by  violence  done  to  the  under  part  of  the 
boulder.  The  most  probable  explanation  which  suggested  itself 
was,  that  it  had  tumbled  off  the  raft  which  carried  it,,  and,  being 
of  great  weight,  had  broken  by  concussion  against  the  rock  of  the 
hill     The  size  of  the  boulder  was  8x7x6  feet 

If  this  boulder  formed  part  of  the  stream  which  had  crossed  the 
valley  now  occupied  by  the  Linnhe  Loch,  it  must  have  been  floated 
on  ice, — in  which  case  the  fall  of  the  boulder  would  b^  through 
water.  At  the  sea-bottom,  the  concussion  upon  rock  might  still 
produce  a  fracture  of  the  boulder ;  and  the  fragments  would  remain 
closer  to  one  another,  than  if  they  had  fallen  in  air. 

A  representation  of  the  hill  ridge  on  which  the  botddor  rests,  aktd 
of  the  fragments  composing  it,  is  given  on  Plate  III.  fig.  5,  and 
indicates  the  position  of  the  boulder  on  the  N.K  ridge  of  the  hilL 
Fig.  6  represents  the  boiQder  in  its  different  fragments  lying  on  a 
notch  of  the  hilL 

The  Convener  who  has  made  the  foregoing  extracts  from  Profes- 
sor Heddle's  notes,  thinks  it  only  due  to  him  to  mention  that  these 
extracts  give  no  idea  of  the  enormous  amount  of  labour  which  the 
Professor  has  undergone  in  his  boulder  researches.  During  the 
summer  and  autumn  of  1880,  he  must  have  walked  several  hti!ndred 
miles  over  districts  many  of  which  are  not  accessible  to  oiHlinary 
pedestrians.  This  is  shown  by  the  tracks  of  his  surveys  laid  down 
by  him  on  the  ordnance  maps,  and  by  the  names  given  in  his  notes  of 
the  hills  and  valleys  visited.  A  great  part  of  these  expeditions  were 
unsuccessful  and  disappointing ;  but  he  has  specified  them  m  fdll 
detail,  in  case  the  committee  might  deem  it  useful  to  record  in  their 
Bepoit.the  districts  visited,  for  the  information  of  future  obaerrte* 
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The  Coxxmiittee,  at  a  meeting  held  on  24th  June  1881  for  the 
adjustment  of  the  Eeport,  where  Professor  Heddle's  notes  were 
shown,  and  some  portions  read  to  the  Committee,  were  of  opinion 
that  they  had  been  too  much  abbreviated  by  the  Convener ;  and 
they  requested  him,  on  revising  the  proofs  of  the  Report,  to  give 
more  copious  extracts,  which  accordingly  has  been  dona 


HOTIf  ST  RALPH  RICHARDSON,  Rsq. 

Lack  Skene. — A  letter  from  Mr  Ralph  Richardson  to  the  Con- 
Teoer,  dated  11th  March  1881,  gives  an  interesting  account  of 
WnldeiB,  at  a  considerable  height,  near  Moffat : — 

"  RS.K  Boulder  Committee. 

'4  ho^  as  desired,  to  report  to  you,  as  Convener,  that  when  visit- 
iiig  Loch  Skene,  Dumfriesshire,  last  August,  I  observed  some  large 
WUeiq,  about  200  feet  above  the  Loch,  in  the  valley  traversed  by 
the  Hidkw  Bum,  between  the  Mid-Craig  and  White  Coomb  hills. 
I^  boulders  are  situated  about  1900  feet  above  the  sea-level,  and 
WMr  generally  to  belong  to  the  local  Silurian  rocks.  I  measured 
one,  and  found  it  to  be  30  feet  in  circumference,  9  feet  in  height, 
^4  9  feet  in  breadth.  There  were  others  of  similar  size.  The 
"f^  in  question  is  dotted  with  what  seem  to  be  moraine  heaps, 
and  limilar  mounds  are  found  damming  back  the  waters  of  Loch 
Skene.    Scott  in  *  Marmion'  refers  to  these  *  rude  barriers.' 

^An  admirable  description  of  the  Geology  of  this  district  is  given 

• 

^  ^  paper  by  Dr  John  Young  in  the  *  Quarterly  Journal  of  the 
Geological  Society  of  London,'  voL  xx.  p.  452  (1864). 

'*  The  boulders  to  which  I  have  referred  are  evidently  not  far 

^^elled  rocks,  but  they  are  interesting  as  '  perched  blocks '  occur- 

^  at  an  altitude  of  1900  feet     I  infer,  from  the  adjacent  moraine 

^^^ideace,  that  they  were  transported  by  a  local  glacier,  which  had 

itB  nSve  or  gathering-ground  at  the  head  of  the  Midlaw  valley ; 

vUch  descended  to  Moffatdale  along  the  present  drainage-line, 

^»  the  counes  of  the  Midlaw  and  Tail  Bums ;  and  the  northern 

lateral  moraines  of  which  formed  barriers  to  the  drainage  from  the 

Wth,  lesuUiiig  in  the  formation  of  a  sheet  of  water  now  known  as 

loch  Skene." 
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EXTRACTS  FROM  PAFERS  BY  THOS.  F.  JAMIESON  (ELLON), 

Abbbdeenshibe  and  Perthshirk 

As  it  is  an  object  of  the  Committee  to  collect  information 
about  boulders  from  all  reliable  sources^  the  following  notices  are 
taken  from  papers  by  Thomas  F.  Jamieson,  ^^^y  published  some 
years  ago  in  the  Proceedings  of  the  London  Geological  Society  : — 
(1.)  In  his  paper  ''On  the  Pleistocene  Deposits  of  Aberdeenshire" 
(''Quart  Joum/'  for  1858,  p.  512),  Mr  Jamieson  describes  the 
"  mounds  and  ridges  of  coarse  ferruginous  shingle  and  gravely  all 
water  rolled,"  situated  to  the  north  of  the  town  of  Aberdeen,  near 
the  seashore.  "  The  fields  abound  with  large  boulders^  mostly  of 
syenitic  greenstone  and  other  varieties  of  trap,  similar  in  quality  to 
rock  in  situy  a  few  miles  to  the  west^  near  the  Menie  coastguard 
station ;  I  found  these  large  boulders  of  trap,  granite,  and  gneiss, 
resting  on  the  top  and  surface  of  the  gravel  ridges^  some  of  them 
measuring  6  feet  in  length,  and  more  or  less  rounded  in  form.  I 
traced  them  also  among  the  low  hillocks  of  blown  sand,  occurring 
sometimes  singly,  sometimes  in  clusters,  and  of  various  sizes  up  to 
11  or  12  feet  in  length.  In  a  field  on  the  farm  of  Drums,  a 
gigantic  granite  boulder  occurs,  known  as  'the  grey  stone/  I 
found  it  to  measure  54  feet  in  circumference,  with  a  height  of 
about  7  feet  above  the  ground.  It  has  no  sharp  angles,  and  most 
of  its  exterior  is  rounded.  Another  immense  block,  also  apparently 
a  transported  mass,  is  seen — 78  feet  in  circumference,  and  projecting 
6  feet  out  of  the  ground — a  coarse-grained  greenstone. 

"  These  ridges  consist  of  highly  rolled  fragments  of  rock  of  all 
sizes,  from  coarse  gravel  up  to  boulders  2  feet  in  diameter.  On  the 
top  of  one  of  these  gravel  ridges,  a  little  to  the  north  of  Drums,  T 
found  a  boulder  of  coarse  crystalline  rock  measuring  8x5  feet ;  no 
sharp  angles  occur  on  its  surface ;  a  layer  of  red  clay,  about  9  inches 
thick,  overlies  the  gravel  at  this  spot  This  boulder  rested  im- 
mediately upon  the  gravel,  but  clay  encircled  its  base ;  another  lai]g8 
boulder  of  greenstone  lay  beside  it 

"  These  are  instances  of  large  transported  boulders  sitting  on  tb« 
top  of  abrupt  ridges  of  water-worn  shingle." 
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(2.)  In  his  paper  **  On  the  Drift  and  Eolled  Gravel  of  the  North 
of  Scotland  "  ("  Quart.  Joum."  for  1860,  p.  365),  Mr  Jamieson,  refer- 
ring to  "  a  great  ridge  of  mica-slate  stretching  in  an  east  and  west 
direction,  between  Loch  Tummel  and  the  valley  of  the  Tay,"  says, 
that  "  all  along  the  northern  slope  of  this  ridge,  from  Meal  Uaine 
at  one  extremity,  westward  for  10  miles  to  Hioch  Yore  at  the  other, 
I  remarked  many  boulders  of  granite  and  porphyry^  at  heights 
exceeding  2000  feet,  the  highest  being  one  of  granite,  at  an  eleva- 
tion of  2390  feet 

"  Now  I  examined  the  greater  part  of  that  ridge,  crossed  it  at 

aeveial  points,  and  walked  along  its  crest  for  miles,  but  saw  no 

mdication  anywhere  of  this  granite  or  porphyry  in  situ,    I  think, 

iheiefore,  they  must  have  been  carried  to  their  present  position 

from  a  considerable  distance,  and,  knowing  that  such  rocks  occur 

in  the  high  mountains  situated  to  the  northward  (as,  for  instance, 

Glen  Tilt),  it  is  probable,  that  there  lies  the  source  from  whence 

they  have  come. 

"It  is  not  at  2000  or  even  2400  feet,  that  we  cease  to  find  such 
tnmsported  fragments.  In  the  Braemar  district  I  met  with  them 
much  higher. 

'*  A  temarkable  instance  of  this  occurred  on  the  hill  of  Morven,  a 
few  miles  to  the  north  of  the  village  of  Ballater.  The  average  of 
four  measurements  makes  the  height  of  it  2953  feet  above  the 
sea,  the  highest  value  being  3048.  It  stands  many  miles  apart 
^m  any  hill  of  like  elevation ;  in  fact,  there  is  none  so  high  within 
10  miles,  and  it  greatly  surpasses  any  eminence  to  the  north  and 
^  between  it  and  the  sea.  All  the  upper  part  of  the  mountain, 
*<>  bi  as  I  could  ascertain,  is  composed  of  one  sort  of  rock,  which 
"^^008  to  be  a  mixture  of  greenish  hornblende  and  white  felspar, 
^0  gneiss^  quartz^ock,  or  granite  came  under  my  notice,  although 
^  last-mentioned  rock  occurs  about  its  base.  The  late  Professor 
%[illivray  had,  I  find,  examined  the  hill,  and  pronounced  it  to  be 
homUende  rock.  It  was  therefore  with  no  small  degree  of  wonder 
">*t  I  lemarked  several  rounded  boidders  of  granite,  together  with 
•'^  of  quartzose  gneiss,  or  laminated  qtuxrtz,  lying  here  and  there 
^  the  western  brow  of  the  mountain,  and  I  traced  them  up  to  the 
^Qy  munmit— one  or  two,  indeed,  are  built  into  the  cairn  that 
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marks  the  highest  point  The  laigest  of  these  fEagmeo^  did  not 
exceed  2  feet  in  diameter.* 

'*  Again^  there  is  a  hill  close  to  the  village  of  Braemar,  named 
Cairn-a-Drouhet,  reaching  an  elevation  of  2700  feet  Seventy  yards 
to  the  north  of  the  cairn  that  marks  the  summit,  there  sits  a  block 
of  coarse  red  granite  12  feet  in  length,  while  many  boulders  of  the 
same  kind  are  scattered  all  around.  Now  the  upper  part  of  this 
hill  is  chiefly  composed  of  qtuurtzose  gneiss^  intersected  with  dykes 
and  masses  of  felspar  porphyry,  and  although  granite  also  occuzs 
in  situ  a  short  way  down  the  hill,  yet  it  is  of  a  different  quality 
from  this  block,  containing  a  much  smaller  proportion  of  quartz, 
while  the  felspar  is  of  a  paler  tint^  and,  upon  the  whole,  I  think  it 
likely  that  this  block  and  many  of  the  other  boulders  near  it  have 
been  derived  from  the  mountains  to  the  north,  the  granite  of  which 
is  identical  in  character.  Whilst  not  meaning  to  press  this  too 
strongly,  I  woidd  remark  that  the  fragments  of  quartz,  felspar, 
porphyry,  and  granite  on  the  flat  top  of  the  hill  are  miugled  in 
such  a  way  as  to  indicate  exposure  to  some  shifting  agency,  as  if 
they  had  been  washed  about  together  while  under  water. 

''The  only  other  instance  of  high-lying  fragments,  apparently 
transported  from  a  distance,  that  I  shall  adduce,  relates  to  the 
mountain  called  Ben  Uam  More  (3587  feet).  It  forms  the 
culminating  peak  of  the  great  ridge  that  divides  the  shires  of 
Aberdeen  and  Perth,  and  is  composed  of  quartz  rock;  no  other 
rock  occurred,  as  I  clambered  up  the  steep  northern  slope,  but  I 
observed  here  and  there,  as  I  went  along,  fragments  of  a  peculiar 
kind  of  porphyry  that  I  had  not  met  with  in  situ  lower  down. 
These  fragments  continued  to  occur,  though  sparingly,  high  up  on 
the  shoulder  of  the  mountain,  but  on  the  very  top  I  looked  some 

*  The  Conyener  haying  sent  to  Mr  Jamieson  a  proof  of  this  part  of  the  Re* 
port  for  his  revisal,  he  returned  it,  with  the  following  note : — **  The  Rev.  J.  0. 
Michie  of  Dinnet,  accompanied  by  the  Rev.  Mr  Davidson  of  Logie-Ooldttonc, 
|)aid  a  visit  to  Morven  on  the  12th  October  1874,  in  order  to  make  a  special 
examination  as  to  the  occurrence  of  those  boulders.  Mr  Michie  wrote  to  me, 
that  they  saw  some  large  blocks  of  graniU  at  the  base  of  the  mountain,  and  amall 
boulders  of  graniU  were  likewise  found  sparingly  all  over  the  top  of  the  hill, 
up  to  the  very  summit ;  but  there  was  a  considerable  space  about  half  way  up, 
where  there  seemed  to  be  an  absence  of  these  boulders.  No  granite  rock  was 
found  in  sUu  on  Morven  itself ;  the  rock,  so  far  as  could  be  seen,  being  of  tbe 
nature  of  hornblende  schist " 
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time  for  them  ia  vain.  A  cairn  on  the  summit,  apparently  the 
work  of  the  Ordnance  suryeyors,  showed  nought  but  quartz,  the 
Aarplj  ai^i^ular  deMs  of  which  strewed  the  protruding  edges  of  the 
stxata.  Searching  about  among  the  quartz  debris,  I  did,  however, 
find  on  the  very  top  of  the  hill  a  small  lump  or  two  of  the 
wme  porphyry  ;  and  other  fragments  of  it  occulted  as  I  descended 
^le  shoulder  of  the  mountain." 

(3.)  In  his  paper  "  On  the  last  Changes  of  Scotland  "  ("  Quart 

Joum.  of  Lond.  GeoL  Soc"  for  1865,  p.  165),  Mr  Jamieson  states, 

that  '<  the  detached  mountain  of  Schehallion  (Perthshire),  3500  feet 

bigh,  is  ma^ed  near  the  top  as  well  as  on  its  flanks,  and  this  not  by 

ice  flowing  down  the  sides  of  the  hill  itself,  but  by  ice  pressing  over 

itfiomthe  north.     On  the  top  of  another  isolated  hill,  Morven, 

aboat  3000  feet  high,  situated  a  few  miles  to  the  north  of  Ballater 

(Aberdeenshire),  I  found  granite  hotUders  unlike  the  rock  of  the  hill, 

ttd  apparently  derived  from  mountains  to  the  west. 

"Again,  on  the  highest  watersheds  of  the  Ochils  (a  range  of  trap- 
Ulk  stretching  from  Stirling  towards  Perth),  at  altitudes  of  about 
2000  feet,  I  found  pieces  of  mica  schist  full  of  garnets,  which  seem 
to  haTB  come  from  the  Grampian  Hills  to  the  north-west,  showing 
^  the  transporting  agent  had  overflowed  even  the  highest  parts 
<tf  tile  Ochil  ridge. 

"On  the  Perthshire  hills,  between  Blair- Athole  and  Dunkeld,  I 
fomd  ice- worn  surfaces  of  rock  on  the  tops  of  hills,  at  elevations  of 
2200  feet^  as  if  caused  by  ice  pressing  over  them  from  the  north- 
wert^  and  transported  botdders  at  even  greater  heights." 

Befeiring  to  boulders  in  brick-clays,  Mr  Jamieson  (p.  178) 
mentions  that  in  ''the  Paisley  brick-clay,  which  abounds  in  sea- 
•■kefls  (all  of  them  Arctic),  boulders  of  from  1  to  3  feet  in  length 
^  not  uncommon.  I  saw  one  6  feet  in  length  Many  of  them 
uM>w  the  glacial  strice.  These  boulders  occur  imbedded  here  and 
^  at  various  deptha  It  is  common  to  find  a  crust  of  Balani 
^'^ed  to  one  of  these  boulders.  It  has  generally  been  supposed 
tiutt  the  Balani  are  confined  to  the  upper  surface  and  sides  of  the 
"tone,  as  if  they  had  grown  upon  it  after  it  had  been  dropped  into 
^^  present  position.  I  satisfied  myself,  however,  that  this  is  not 
siways  the  case,  for  I  found  that  Balani  do  occasionally  occur  all 
o^er  the  lowermost  side.     For  example,  I  observed  one  heavy  stone, 
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measuring  32  x  18  x  14  inches,  imbedded  in  the  clay  about  15  feet 
from  the  surface.  This  boulder  had  not  been  moved  out  of  its 
original  position,  and  there  were  remains  of  BcUani  on  various  parts 
of  the  surface.  I  dug  round  it,  and  heaved  it  out  of  its  bed,  and 
found  that  the  whole  under  side  of  it  was  covered  with  a  close, 
thick  crust  of  entire  Balaniy  the  points  of  which  were  sticking  down- 
wards into  the  soft  clay  beneath,  showing  clearly  that  they  must 
have  grown  upon  the  stone,  before  it  was  dropped  into  its  muddy 
bed.  Other  instances  of  the  same  kind  were  observed  by  me.  I 
conclude,  therefore,  with  regard  to  some  of  these  boulders  at  leasts 
that  Balani  grew  on  them  before  they  came  to  be  lodged  in  the  day 
(probably  when  they  lay  on  some  shore)  and  that  afterwards  they 
had  got  encrusted  with  ice,  and  being  floated  off,  had  dropped  to  the 
bottom  when  the  ice  about  them  melted." 

Mr  Jamieson,  in  a  footnote,  adds — "  I  believe  the  species  of 
Balanus  on  the  under  side  of  the  boulder  above-mentioned  was 
B.  balanoides  of  Darwin's  monograph,  which  is  a  species  that  lives 
only  between  tide-marks.  If  this  is  correct,  then,  it  could  scarcely 
have  grown  on  stones  lying  in  water  so  deep  as  is  indicated  by  the 
shells  in  this  clay,  and  its  presence  could  be  explained  only  by  some 
such  theory  as  I  have  suggested.  It  would  be  an  interesting  fact 
should  the  Balanus  on  the  upper  surface  prove  to  be  of  a  deep-water 
species,  and  those  on  the  lower  of  a  tidal  one." 


REMARKS  BY  MR  MILNE  HOME, 

After  presenting  the  Seventh  Boulder  Eeport,  and  giving  a 
verbal  account  of  its  principal  contents,  Mr  Milne  Home,  with  the 
permission  of  the  Council,  read  the  following  remarks,  bearing  on 
the  objects  of  the  Committee  : — 

First, — In  reference  to  further  explorations,  I  entirely  concur 
in  the  opinion  of  Professor  Heddle,  given  in  the  Report,  that 
the  boulders  most  deserving  of  being  sought  for  and  studied  are 
those  perched  at  great  heights,  and  especially  on  the  ridgee  and  tope 
of  hills.  (An  example  of  one  of  these  '*  perched  blocks,"  as  described 
in  last  year's  Eeport,  was  shown  by  a  diagram  on  the  walls.) 

It  is  quite  certain  that  boulders  in  such  positions  had  been  pat 
there  and  left  there  by  the  transporting  agent  (whatever  that  was) 
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wbieh  brought   them;   and  therefore    whatever  inferences  their 
podtion  indicates,  these  inferences  may  be  relied  on  as  correct 

Boulders  in  yalleys,  or  at  the  foot  of  a  hill,  on  the  other  hand, 
may  by  mere  atmospheric  action  have  lost  their  original  positions, 
by  having  rolled  to  a  bwer  level ;  in  which  case,  they  can  afford  no 
tme  data  for  inference. 

They  may,  however,  when  found  in  valleys,  have  come  there 

bj  local  glaciezs;    and   snoh   cases   are   mentioned  in   previous 

Beports  of    the  Committe&     But   where  boulders   are   on   hill 

ridges  or  hill  tqps,  at  heights  exceeding  2000  or  3000  feet  above 

theaea  (and  cases  of  that  kind    have  been   mentioned  in  oni 

Beports),  in  districts  where  there  are  no  hills  much  exceeding  that 

l^bt,  local  glaciers  as  transporting  agents  are  inconceivable ;  and 

oqioally  so  seems  to  me  the  agency  of  a  general  ice-sheet  moving 

OTer  the  country ;  for  such  a  raft  would  have  the  effect,  not  of    ' 

depositing  boulders  on  hill  tops,  but  of  sweeping  everything  off 

tltfinL 

8eoond. — The  discovery  by  Professor  Heddle  of  one  or  more 
"^nami  or  trainees  of  boulders,  in  the  Highlands,  is  very  important 
by  affording  additional  data  towards  the  solution  of  the  problem, 
wbik  was  the  transporting  agent  1  The  late  Hugh  Miller  speaks  of 
bftTJog  seen  boulders  in  a  continuous  line  at  two  places  in  Mid- 
I/)thian  ("Edinburgh  and  its  Neighbourhood,"  p.  35) ;  but  the  best 
^^u&ples,  which  I  can  specify,  of  boulders  in  continuous  streams, 
^<^  m  the  United  Statea  They  have  been  described  by 
Bitcbeock,  Henry  Kodgers,  and  Dana,  all  well-known  American 
geologistg.  One  of  these  places  was  visited  by  Sir  Charles  Lyell, 
▼ho,  m  a  lecture  at  the  Eoyal  Institution,  London,  in  the  year 
l^,  gave  an  interesting  account  of  it. 

Thii  lecture  I  have  found  in  a  volume  of  pamphlets  in  our 

'^biaiy.    It  contains  a  diagram,  which  I  have  caused  to  be  copied 

on  a  scale  large  enough  to  be  seen  on  the  walls,  thinking  it 

^ht  be  of  service  in  suggesting  further  explorations  in  our  own 
countiy. 

(The  diagram  was  here  shown  and  described.) 

•^he  explanation  of  these  Massachusetts  boulder  streams,  implies 
^  mbmeigence  of  the  country  to  the  extent  of  about  2000  feet, 
^der  an  arctic  sea,  capable  of  allowing  ice  to  be  formed.     Now  it 

^OU  XL  2  0 
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is  generally  agreed,  that  Scotland,  England,  and  Ireland  was, 
during  the  Glacial  period,  submerged,  so  that  most  of  our  hills 
were  covered ;  and  judging  by  the  types  of  molluscs,  and  skeletons 
of  seals  (of  a  species  existing  only  in  an  arctic  sea)  found  in 
our  clay  beds,  the  submerging  ocean  must  have  been  of  an  ieurctic 
character.* 

With  reference,  therefore,  to  such  ti'ainies  of  boulders,  as  have 
been  found  by  Professor  Heddle,  among  the  Highland  hills,  the 
same  explanation  is,  to  say  the  least,  admissible. 

Third, — But  there  are  other  districts  covered  with  boulders 
to  which  this  explanation  is  not  applicable.  I  refer  to  the 
Western  Islands  and  the  Hebrides  (Islay,  Tiree,  Barra,  Uist, 
and  Harris),  all  of  which  have  numerous  boulders  on  hill  slopes 
facing  the  Atlantic,  and  which,  judging  by  the  peculiar  position 
and  attitude  of  many  of  them,  clearly  show  that  they  have  come 
from  a  westerly  or  north-westerly  direction.  On  these  islands, 
with  no  ranges  of  hills  on  them  of  the  necessary  height,  local 
glaciers  are  out  of  the  question.  On  the  north-west  coast  of 
Argyleshire,  there  are,  in  like  manner,  boulders  in  positions  which 
convinced  the  late  Robert  Chambers,  the  late  Dr  Bryce,  the  late 
Professor  Nicol,  and  Mr  Jameson  of  Ellon,  all  of  whom  personally 
examined  them,  that  they  also  had  come  across  the  sea,  and  not 
from  any  inland  district 

But  where  in  a  direction  west  or  north-west,  is  there  any  land 
from  which  these  boulders  could  have  come,  and  how  could  they 
have  traversed  the  wide  Atlantic)  Though  there  are  probably 
entire  hilla  of  granite  and  gneiss  in  Labrador  and  Greenland,  it  is 
hardly  conceivable  that  any  ice-bergs  or  ice-floes  obtaining  boulden 
there,  could  reach  our  shores  to  discharge  their  caigoes  upon  them, 
even  though  there  had  then  been  no  Gulph-Stream  to  intercept  and 
melt  them. 

Is  no  other  hypothesis  possible  1 

(1.)  There  now  exists,  about  190  miles  to  the  west  of  the 
Hebrides,  a  range  of  submarine  granite  hills,  whose  peak,  called  in 
our  charts  *'  Rockall"  stands  above  the  sea-level  to  the  height  of  80 
feet;   and  within  about  2  miles  from  it,  there  are  two  rocks, 

*  See  an  interesting  article  by  Professor  Turner  of  Edinburgh  UniyerBity,  on 
these  fossil  seals,  in  "  Journal  of  Anatomy,*'  vol.  iv.  p.  270. 
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apparently  parts  of  the  same  range.     That  "  Kockall "  is  granite 

vas  attested  by  the  late  Captain  Basil  Hall,^  and  subsequently 

by  the    surveying    officer  of    H.M.S.   "Porcupine";    the  latter 

stating  in  his  memoir  to  the  Admiralty,  that  he  had  sent  specimens 

of  the  rock  to    several  museums   in    Ireland.      The   soundings 

show,  that  the  100  fathom  line  extends  N.N.E.  about  20  miles, 

and  S.S.W.  32  miles,  whilst  in  a  transverse  direction,  the  shorter 

axis  IB  only  12  miles,  so  that  this  granitic  range  is  approximately 

parallel  to  the  axis  of  the  Hebrides. 

Of  course  these  rocks  would  not,  at  tlieir  present  levels  have 
supplied  the  boulders  now  in  the  Hebrides  and  coasts  of  Argyle. 
But  there  is  a  very  general  belief  among  those  who  have  studied 
the  subject,  that  at  or  about  the  period  when  these  boulders  came, 
land  did  exist  in  the  North  Atlantic,  which  is  now  submerged 

The  late  Edward  Forbes,  in  a  remarkable  memoir  published  in 
the  year  1844,t  was  the  first  to  express  this  opinion,  founded  on  a 
consideration  of  the  flora  and  fiauna  of  Scotland  and  Ireland.  He 
sajB,  "  There  could  not  always  have  been  such  a  separating  abyss 
«*ween  Northern  Europe  and  Boreal  America  as  now  divides 
^^  The  sea  through  a  great  part,  must  have  been  a  shallow  sea; 
Md  somewhere,  probably  to  the  far  north,  there  must  have  been 
^ther  a  connection  or  such  a  proximity  of  land,  as  would  account 
lor  the  transmission  of  a  non-migratory  terrestrial  and  a  litoral 
'Mrine  fauna."  In  another  part  of  his  memoir,  he  says,  "Although 
1  have  made  ice-bergs  and  ice-floes  the  chief  agents  in  the  importa- 
^on  of  flora  southward,  I  cannot  but  think,  that  so  complete  a 
^^'^QonisBion  of  that  flora  as  we  find  on  the  Scottish  mountains,  was 
aided, perhaps  mainly,  by  land  to  the  north,  7iow  submerged" 

(2.)  This  opinion,  since  it  was  expressed,  has  received  support 
°oni  other  considerations.  Thus  in  1853,  the  late  Sir  Charles  Lyell 
^lessed  his  belief,  founded  on  observations  by  a  Danish  captain, 
"^  the  west  coast  of  Greenland  was  subsiding.  More  extended 
obflervations  have  since  been  made  by  two  American  men  of  science, 
■*^  Kane  J  in  1855,  and  Dr  Hayes  in  1860,  which  show  clearly  that 
^liflst  the  north  part  of  Qreenland  had  long  been  rising,  the  south  part 

*  Fragments  of  Voyages. 

t  "Memoirs  of  the  Geological  Survey  of  Great  Britain  for  1844,"  voL  i. 
I>t888. 

t  Kane's  "  Arctic  Explorations,"  London,  1876.  Dr  Hayes's  •*  Open  PoUr 
8et,^  London,  1867. 
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of  the  continent  was  and  had  been  subsiding.  They  infened  the 
position  of  the  centre  of  oscillation  to  be  between  latitudes  76^  and 
77^  The  elevation  of  the  northern  portion,  they  thought,  was  indi- 
cated by  old  eea  terraces^  forty-one  in  number,  reaching  up  to  480  feet 
above  the  sea,  and  at  a  distance  of  about  120  miles  from  the  axis 
of  oscillation.  To  t^e  south  of  this  axis,  no  such  terraces  are  visible, 
but  on  the  other  hand  there  are  remains  of  human  habitation,  and 
other  appearances  indicating  submergence.  Dr  Kane  mentions  that 
subsidence  had  also  been  observed  on  the  eastern  coast  of  South 
Greenland.  The  distance  to  what  is  now  the  south  cape  of  Green- 
land, from  the  axis  of  movement,  is  about  1000  miles ;  and  if  it  be 
assumed  that  the  amount  of  subsidence  on  the  north  side  of  the  axis 
is  the  same  as  that  of  elevation  on  the  sout^  side,  the  subsidence  aft 
the  south  cape  would  be  about  3200  feet  But  this  subsidence 
would  most  probably  not  be  confined  to  Greenland.  It  might  have 
extended  into  what  is  now  the  bed  of  the  North  Atlantic,  v^ifying 
therefore  Forbes^s  remarkable  inference,  founded  on  physiolog^eal 
data,  "  that  land  had  at  one  time  existed  theire,  now  sulmierged." 

(3.)  On  the  east  side  of  tlie  North  Atlantic,  there  are  also  tnose 
of  subsidence. 

Thus  Jukes  says,  that  **  Around  all  the  shores  of  Ireland,  tiieie  k 
found  evidence  of  a  comparatively  recent  depression  of  ihe  knd,  in 
the  occurrence  of  undisturbed  peat  bogs  beneath  the  sand  of  tiic 
sea,  stretching  below  the  level  of  the  lowest  spring  tides.  Thi 
stumps  and  roots  of  trees  in  the  position  of  growth  are  found  in  Ak 
peat,  clearly  showing  that  it  grew  on  dry  land,  and  is  now  beneatt 
the  sea  in  consequence  of  depression"  (*' Manual  of  Geology,**  p.  686) 

O'Flaherty,  in  reference  to  a  traditionary  belief  existing  in  1630,'' 
says  that ''  Lough  Lurgan  is  an  inlet  of  the  sea  between  -Tuam  an< 
West  Connaught,  at  the  mouth  of  the  Galway,  stretching  into  Hat 
land,  which  was  formerly  dry  land,  until  the  Weetern  Ocean  krok 
over  it  The  remains  of  the  barrier,  are  the  three  Islee  dl  Arax 
Tins  traditional  name  (Lough  Luigan)  is  still  used  for  Galway  Bay 
and  margining  the  bay,  below  low-water  mark  of  spring  tides,  thoa 
are  numerous  bogs  with  oak  corkers  in  situ  at  their  base,  in  plicsi 
over  12  feet  deep." 

Mr  Kinahan,  in  his  "  Greology  of  Ireland,"  records  that  *'  ti 
Rev.  W.  Ealbride,  vicar  of  Aran,  has  discovered  in  the  princip 

*  "  Ogygia,"  Bcu  **  Rcrum  Hibernicarum  Chronologia,"  London,  1685. 
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klukd,  human  habitations  and  other  structares  below  low  water  of 
spring  tides'*  ^ Journal  of  the  Royal  Geological  Society  of 
Ireland  for  1880,"  vol  v.  p.  180). 

(4.)  Reference  has  been  made  to  *'  Rockall"  which  at  present  con- 
sstB  of  only  one  rocky  peak  But  a  chart  exists  dated  in  1634,* 
whidi  represents  the  place  as  consisting  of  two  islets,  a  larger  and  a 
nudler,  but  the  smaller  is  now  exposed  to  view  only  at  half  tide,t 
nggesting  subsidence. 

(5.)  Another  discovery  recently  made,  is  the  finding  in  several 
puts  of  the  North  Atlantic^  molluscs  which  betoken  littoral  conditions. 
Thug  on  the  Porcupine  Bank — a  shoal  situated  about  120  miles 
^rest  of  Galway  (Ireland),  a  specimen  of  ''  LUorina  litorea  "  was 
^ndged  up,  with  regard  to  which  Professor  King  of  Queen's  College, 
Ii^d,  asks,  ''  How  has  this  shell,  which  lives  between  ordinary 
tide  marks,  got  into  80  or  90  fathoms  of  water,  and  at  a  distance  of 
120  nuks  from  the  shore  ?" t 

A  Bimilar  case  occurs  in  a  part  of  the  North  Atlantic,  about  half- 
^7  between  the  south  end  of  Greenland  and  Rockall,  where  a 
i^unbw  of  etar-fish  were  brought  up  by  the  sounding  line  from  the 
•«  bed  at  a  depth  of  748-  fathoms.  Dr  Wallich,  in  the  **  Bull 
^'^  surveying  ship,  employed  in  1860  to  make  these  soundings, 
^  oat  an  exceedingly  interesting  memoir  %  (publislied  by  the 
^^^nuadty),  in  which  he  gives  his  "reasons  for  believing  that 
^OQgh  originally  a  shallow-water  species,  these  star-fishes  had 
S't^tially,  and  through  a  long  series  of  generations,  accommodated 
^'^iQBelves  to  the  abnormal  conditions  incident  on  the  subsidence 
offteeeabed"  ("Memoir,"  p.  Ul). 

^  Wallich  further  observes,  that  "  no  proof  of  subsidence  could 
^  more  complete,  than  the  detection  of  a  colony  of  acclimatised 
'^'K^es  belonging  to  a  species  typical  of  the  Boreal  province,  well 
^own  to  lange  from  the  confines  of  the  Arctic  circle  to  our  own 
''^^  and  shown  to  have  accommodated  themselves  to  a  depth  of 
^  hthoms  without  variation ;  whilst  the  fact  of  subsidence  being 

TIm  chart  alladed  to  is  a  French  navigating  chart,  of  which  a  copy  is 

^^  in  the  5th  volume  of  the  Royal  Irish  Greological  Society. 

+  "  Report  of  Soundings  by  H.M.S.  *  Porcupine  *  in  1862." 

*  "North    Atlantic    Sea-bed,"  by  G.  C,   Wallich,   F.L.S.  and  F.G.S., 

^^^inliit  to  expedition  under  Sir  F.  L.  Mlintock,  ''  to  survey  the  proposed 

^^>th  jltkntic  route  for  a  telegraphic  wire  between  Great  Britain  and 
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general  through  the  whole  area,  is  rendered  probable  by  the  discovGX} 
of  sessile  annelids,  also  belonging  to  known  shallow-water  species 
at  a  depth  of  620  fathoms,  half  way  between  Iceland  and  the  Faroe 
Islands  '*  (p.  152). 

'*  The  occurrence  of  a  shallow-water  Serptda  at  such  a  depth  ii 
important,  from  the  evidence  it  yields  of  the  subsidence  having 
been  gradual,  and  not  merely  the  result  of  local  and  temporarjf 
submarine  volcanic  action ;  for  whilst  creatures  having  powers  oi 
locomotion  might  have  evaded  the  consequences  of  sudden  subsi- 
dence by  migration  to  shallow  water,  the  sessile  annelids  must 
inevitably  have  been  destroyed.  The  detection  of  shallow-watei 
species  on  isolated  submerged  areas  of  sea  bed,  may  enable  us  to 
determine,  whether  such  areas  have  been  nearer  the  surface  at  some 
anterior  period,  and  may  thus  afford  a  glance,  otherwise  unattainable, 
at  the  lost  land-marks  of  a  byegone  geological  epoch  "  (p.  151). 

One  other  circumstance,  bearing  in  the  same  direction,  though  I 
confess  that  I  do  not  attach  much  value  to  it,  may  be  mentioned, 
viz.,  the  existence  of  old  French  and  Norwegian  charts,  which  re- 
present an  island  not  far  from  the  place  where  the  star-fishes  were 
dredged  up. 

These  circumstances  induced  Dr  Wallich  to  express  an  opinion 
somewhat  similar  to  that  which  Forbes  had,  on  separate  grounds^ 
formed,  that  *'an  ancient  barrier  had  stretched  across  from  East 
Greenland  towards  the  shores  of  Northern  Europe.  On  reference 
to  the  map  it  will  be  seen,  that  a  vast  area  of  sea  bed  to  the  south 
of  Iceland,  extending  to  the  30th  degree  of  west  longitude  on  the 
one  hand,  and  to  the  Faroe  Islands  and  Hebrides  on  the  other, 
gradually  diminishes  in  depth  as  it  advances  northwards;  in  all  proba- 
bility constituting  the  boundary  of  an  archipelago  rather  than  a 
continuous  continent^  across  which  the  various  species  of  animals 
and  plants  made  their  way  southwards.  When  that  archipelago 
existed,  the  Hebrides  and  Faroe  Islands  were  probably  united, 
whilst  Kockall  formed  a  large  but  distinct  island ;  and  another  still 
larger  island  rose  up  out  of  the  sea  between  the  57th  and  60th 
degrees  of  latitude,  and  about  the  30th  degree  of  west  longitudei 
On  the  northern  flank  of  this  island,  the  star-fish  sounding  was 
taken"  ("North  Atlantic  Sea-bed,"  p.  150). 

If  these  speculations  are  well  founded,  there  need  be  little  di£S* 
culty  in  understanding  from  what  quarter  the  Hebrides  and  Aigyle- 
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sbiie  boulders  have  come;  whilst  the  fact,  if  it  be  veiified,  that 
they  did  come  across  the  Atlantic  from  the  west,  is  an  additional 
link  in  the  drcumstantial  chain  which  supports  a  theory  advocated 
by  the  distinguished  naturalists  to  whom  I  have  referred. 

The  inquiry,  however,  being  of  considerable  geological  interest,  I 
should  wish  that  the  positions  of  the  boulders  on  the  west  coast  of 
Scotland  did  not  rest  on  my  personal  observation  (as  at  present 
they  chiefly  do),  but  that  they  would  engage  the  attention  of  others, 
uid  who,  I  hope,  will  report  the  result  of  their  enquiries  to  the 
Boulder  Committee. 

2.  On  the  Compression  of  Gases  by  High  Pressures. 

By  Professor  Tait. 

3.  Determination  of  Longitude  without  a  Chronometer. 
By  Dr  Menzies.    Communicated  by  Professor  Tait. 

4.  The  Electric  Discharge  through  Colza  OiL 
By  A.  Macfarlane,  M.A.,  D.Sc,  F.RS.E. 

{Abstract,) 

The  dielectric  strength  of  colza  oil  (specific  gravity  *91)  was  found 
to  be  2*7,  that  of  air  at  the  ordinary  pressure  being  unity-  The 
nst  of  the  paper  is  taken  up  with  a  description  of  the  phenomena 
accompanying  under  different  conditions  the  spark  discharge  through 

theoa 

5.  On  Quaternion  Integration.    By  Professor  Tait. 

The  Chairman  closed  the  session  with  the  following 
remarks: — 

I  have  now,  in  a  very  few  words,  to  close  this  session,  and  in  so 
^mg  I  beg  to  remind  you  that  it  is  the  ninety-ninth  session  of  the 
%>1  Society  of  EdinburgL  This  Society,  which  was  originally  an 
^^^*koot  of  the  University  of  Edinburgh,  was  first  started,  on  the 
"^estion  of  Principal  Kobertson,  towards  the  close  of  1782.  So 
that  in  the  latter  part  of  next  year  you  will  be  able  to  announce 
ywtt  hundredth  birthday.  The  Society  came  into  existence  just 
^  year  after  its  late  diBtinguished  President,  Sir  David  Biewstet, 
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who  was  bom  in  December  1781.  While  individnals  pass  away, 
age  brings  no  decrepitude,  bat  rather  the  reverse^  to  nniy^ersities  and 
scientific  bodies.  For,  owing  to  the  growth  of  population  and 
national  wealth  around  them,  there  is  a  constantly  increasing  class 
of  persons  demanding  the  higher  branches  of  education,  and  with 
leisure  for  scientific  pursuits.  It  might,  however,  be  the  case  that 
a  Society  like  this,  while  flourishing  in  numbers,  might  fall  into  the 
condition  of  the  army  of  Xerxes,  of  which  it  was  said  that  there 
were  woXXoi  fiht  arpoLTiiarauL,  vavpoi  Sk  oKSpcs"—"  numerous  troopB| 
but  few  real  men  among  them."  This,  however,  can  by  no  means 
be  now  said  of  the  Royal  Society  of  EdinburgL  The  past  session 
has  exhibited  an  amount  of  vitality  and  productive  energy  which 
does  great  credit  to  the  Fellows,  and,  I  may  add,  to  the  Secretaries, 
to  whose  assiduity  and  tact  the  flourishing  condition  of  the  Society 
is  greatly  due.  I  believe  that  few  previous  sessions  on  our  records 
show  a  better  tale  of  work  done  than  the  session  which  we  are  now 
concluding.  During  its  course  no  less  than  seventy-three  papers 
have  been  furnished,  upon  the  most  varied  topics,  almost  entirely 
by  Fellows  or  Honorary  Fellows  of  the  Society.  The  series  was 
opened  by  the  noble  President  with  a  literary  address,  recalling  to 
notice  some  once  famous,  but  now  nearly  forgotten,  works;  and 
then  followed  seventy- two  papers,  of  which  17  are  Mathematical; 
20  Physical;  12  on  departments  of  Natural  History;  10  Chemical; 
3  on  Astronomy;  1  Mineralogy;  1  Geology;  1  Anatomy;  1  Metero- 
logy;  6  Logic,  &c  To  appreciate  the  matter  and  contents  of  all 
these  various  papers  would  require  the  many-sided  intellect  and 
universal  accomplishment  of  a  Humboldt  And  even  Alexander 
von  Humboldt,  could  he  have  come  to  life  again  and  attended  our 
meetings,  would  have  heard  things  not  dreamed  of  in  his  philo- 
sophy— so  progressive  is  science.  I  venture  to  offer  no  further 
word  beyond  congratulating  you  on  the  amount  of  work  done 
during  the  session.  In  a  week  or  two  we  shall  be  all  dispersed — 
some  to  foreign  lands,  some  in  the  country,  or  among  the  mountains^ 
or  by  the  sea.  I  doubt  not  that  the  Fellows  of  this  Societyi 
wherever  they  are,  will  find  the  truth  of  the  often-quoted  sentence : 
^'Hsec  studia  delectant  domi,  noo  impediunt  foris,  pemoctant 
nobiscum,  peregrinantur,  rusticantur."  And  I  trust  that  your 
hundredth  session  may  reap  the  fruit  of  new  ideas  which  shall  have 
uggeated  themselves  during  the  ensuing  recesa 
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On  the  Classification  of  Statistics  and  its  Results.  By 
Patrick  Geddes,  F.E.S.R,  Lecturer  on  Zoology  in  the 
School  of  Medicine,  Edinburgh,  and  Demonstrator  of 
Botany  iu  the  University. 

(Sections  1-16  read  on  2l8t  March  ;  17-26  on  4th  April  ; 

27-81  on  2d  May  1881.) 

§  ].  Every  one  may  readily  notice  that  the  collection  of  statistical 
information  goes  on  around  us  to  a  vast  and  constantly  increasing 
otent;  not  simply  in  the  periodic  census,  hut  in  the  daily  labours 
^  the  Segistrar-Greneral's  Department,  of  the  Board  of  Trade,  and 
the  like.  Such  functions  are  carried  on  in  every  civilised  country 
bjmany  special  statistical  bureaux;  a  statistical  society  exists  in 
^oet  every  great  intellectual  centre,  and  an  International  Statis- 
ufitl  Congress,  which  has  proposed  to  itself  the  vast  object  of 
accumulating,  co-ordinating,  and  comparing  the  whole  body  of 
nationil  statistics,  has  met  periodically  since  1853. 

Though  no  one  will  probably  question  the  desirability  and  useful- 
W88  of  such  a  task,  it  may  be  well  to  point  out  that  in  the  words  of 
» vetean  statistician  * — "  By  this  means  light  wiU  be  throvni  on 
®^  branch  of  statistical  science.  All  social  phenomena  of  every 
end  may  be  investigated  by  comparisons  of  the  different  causes 
from  which  they  arise,  under  different  conditions,  and  in  countries 
PKeenting  wide  spheres  of  observation  and  opposing  influences  at 
^ork.  Knowledge  wiU  thus  be  increased,  laws  of  social  life 
**^J^ted,  true  scientific  inquiries  promoted,  the  work  of  govern- 
nient  simplified,  and  the  progress  and  prosperity  of  nations  fixed 
^pOQ  8016  bases  of  observation  and  reason,  instead  of  dangerous 
experiments  or  doubtful  theories." 

^gwn,  regarding  the  importance  of  uniformity  (i,e,,  of  orderly 
^"•sification)  in  all  statistical  publications,  the  same  authority  f  has 
n^ted  that  "  What  was  wanted,  above  all  things,  was  uniformity, 

8-  Brown,  F.S.S.,  "Report  on  the  Eighth  International  Statistical  Con- 
^'**»  8t  Petersbnig,  1872";  Joum.  Statist.  Soc.  Lond.,  voL  xxxv.,  Dec. 
"'2,  p.  457. 

^ Quoted  by  Mouat,  "Prelim.  Report  of  Ninth  International  Statistical 
^|*"P««,  held  at  Buda-Pesth,  1876  "  ;  Journ.  Statist.  Soc.  Lond.,  vol.  zxzix., 
*^m6,p.645. 

^OL  IL  2  P 
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Hundreds,  we  might  say  thousands,  of  volumes — collected  ani 
printed  at  great  expense  by  the  different  Governments,  by  societies 
or  by  individuals,  were  rendered  almost  useless,  in  an  Internationa 
point  of  view,  for  want  of  some  uniform  method  of  classifying  ani 
showing  the  results.  It  was  impossible  to  make  comparisons,  anc 
80  to  educe  the  laws  of  probability  of  occurrence  of  large  classes  o: 
events  in  social  or  political  economy.  Yet,  without  the  discovery 
of  these  laws,  the  social,  moral,  and  intellectuEd  condition  of  f 
people  cannot  with  any  certainty  be  traced." 

§  2.  It  thus  becomes  necessary  to  examine  and  compare  the  modef 
of  classificaiton  of  statistics  actually  in  use  in  the  statistical  annoah 
of  different  countries.  This  has  been  done  by  M.  Deloche,*  chiei 
of  the  Statistical  Department  of  the  Ministry  of  Agriculture  and 
Commerce,  and  also  by  Dr  Mouat,  Foreign  Secretary  of  the  Static 
tical  Society  of  London  f  ;  and  it  will  be  useful  to  borrow  a  feiw 
examples,  placing  the  condensed  headings  in  parallel  columns. 
(See  opposite  page.) 

§  3.  After  pointing  out  the  utter  discord  which  exists  amonfj 
these  systems,  and  the  necessity  of  some  fundamental  scientific 
idea  to  introduce  uniformity,  Deloche  goes  on  to  propose  8 
classification,  based  upon  the  idea  of  the  human  organisation.  Oi 
this  classification  a  detailed  account  is  given  by  Mouat,  from  wboic 
the  following  summary  also  is  borrowed: — 

L  Double  Synthesis  of  the  Territory  and  its  PopulaiiorL 

1.  Territory  (topography,  geology,  hydrography,  meteorology) 

2.  Census  and  movement  of  population. 

»  ^^ 

IL  Facts  relating  to  the  Exercise  of  the  Moral  Faculties, 

1.  Religion. 

2.  Civil  and  criminal  justice. 

3.  Prisons  and  penitentiary  establishments. 

4.  Public  aid. 

5.  Benefit  societies. 

{Continued  on  page  298.) 


•  Quoted  by  Mouat,   "Report  on  the  Fourth  Session  of  the  Pemitneiit 
CommlAsion  of  the  International  Statistical  Congress,  held  in  Paris,  187S 
Joum.  Statist.  Soc.  Lond.,  xlii.,  p.  12. 

t  Ibid,. 
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III.  Facts  relating  to  the  Exercise  of  the  Intellectual  Faculties, 

1.  The  three  degrees  of  public  instructioiL 

2.  Literary  and  scientific  productions,  printing,  bookfl,  lil 

raries,  museums ;  newspapers  and  reviewR. 

3.  The  fine  arts. 

rV.  Facts  relating  to  the  Application  of  the  Physical  Facvlti 
and  of  the  Intellectual  Faculties  to  Natural  Objects. 

1.  Agriculture. 

2.  Lands  built  upon  and  land  without  buildings. 

3.  Extractive  and  manufacturing  industry.     Fisheries. 

4.  Professions  and  salaries. 

5.  Means  of  communication. 

6.  Commerce  and  navigation. 

7.  Public   works,   public  health,  and  the  food   supply  o 

town& 

8.  The  circulation  of  men,  of  things,  of  valuables,  and  o 

thought     Post  offices  and  telegraphs. 

9.  Credit  institutions  (except  State  banks). 
10.  Accidents  and  assurancea 

V.  Facts  common  to  the  three  above-mentioned  orders  of  faculties. 

1.  Political  rule,  its  organs  and  assemblie& 

2.  General  administration. 

3.  Administration  and  assemblies  of  provinces,  departments 

districts,  communes,  and  minor  subdivisions. 

4.  Army. 

5.  Navy. 

VL 

L  The  finances  of  the  State. 

2.  The  finances  of  provinces  or  departments. 

3.  Finances  of  communes  or  inferior  districts*     Town  daei 

and  articles  consumed. 

4.  State  banks — les  caisses  de  depdts — mints; 

VIL   Colonies  or  Extra  Continental  Possessions. 

Dr  Mouat,  while  admitting  this  scheme  to  be  "  undoubtedly  tb6 
best  attempt  yet  made  to  reduce  to  order  and  precision  that  which 


of  Edinburgh,  Session  1 880-81.  299 

is  at  present  deficient  in  both  these  qualifications/'  yet  holds  it  to 
be  impiacticable,  since  it  is  doubtful  whether  there  could  be  any 
approach  to  general  consent,  either  as  to  the  divisions  themselves 
or  to  the  subdivisions  placed  in  each.  M.  Deloche's  fifth  division 
Beema  to  him  to  be  fatal  to  the  plan,  and  the  reader  vrill  readily 
notice  many  other  objections. 

§4.  He  then  goes  on  to  suggest  a  temporary  and  provisional 
clasBification,  which  is  summarised  as  follows  :— 

"  L  Territory  and  Population, 

"  All  geographical  and  demographical  statistics,  including  areas, 
Boilg,  elimates,  possessions,  and  territorial  arrangements,  movements 
and  divisions  of  the  population,  and  the  purely  social  arrangements, 
8uch  as  trades,  professions,  &c.,  everything  contained  in  the  registrar- 
general's  returns,  and  what  is  beginning  to  be  known  as  sociology 
genendly. 

"n.  Bevemie  and  Commerce. 

"All  the  sources  of  the  collection,  production,  and  distribution  of 
^^th,  the  statistics  of  the  precious  and  other  metals,  all  facts 
'^Iftting  to  the  use  and  abuse  of  money,  exchange  operations,  all 
iDftnafactareB  and  industries,  and  commerce  in  its  widest  sense, 
blading  means  of  transport,  navigation,  &c.,  &c. 

''III.  Lam  and  Government. 

^  All  relating  to  legislation  and  policy  of  nations,  which  would 
^<^Qde  the  making  and  breaking  of  laws,  the  constitution  of 
^perial  and  local  governing  bodies,  armies,  navies,  police  forces, 
*nd  the  like ;  education  and  religion,  and  all  facts  tending  to  show 
the  state  of  civilisation  of  each  nation  as  distinguished  from  other 
^tiong. 

*IV.  Miscellaneoua  (arranged  alphabetically). 

Sach  an  arrangement  is,  of  course,  as  Dr  Mouat  indeed  admits, 
despairing  abandonment  of  all  pretence  of  scientific  arrange- 
^^t ;  and  it  is  curious  to  notice  that  this — the  latest  development 
^  statistical  classification,  —  is  closely  analogous,  save  for  the 
^^^'m  gaihervm  with  which  it  concludes,  to  that  earliest  classiti 
^n  with  which  botanists  commenced  their  labours,  that  of  the 
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vegetable  world  into  herbs,  shrubs,  and  trees.  Under  these  circum- 
stances the  interference  of  the  naturalist  may  bo  less  impertinent 
than  might  at  first  sight  seem  probable. 

§  5.  Before  attempting  classification,  it  is  necessary  to  come  to  some 
definite  agreement  as  to  the  nature  of  statistics;  and  after  laying 
aside  the  popular  belief  that  it  is  an  inexpressibly  dreary  accumula- 
tion of  numbers  by  which  anything  whatever  may  be  proved,  we 
find  that  at  least  two  hundred  non-coincident  definitions  have  been 
given  by  statisticians.  Many  of  these  assert  statistics  to  be  a 
science^  many  again  regard  it  as  a  method ;  while  some,  including 
the  most  recent  foreign  authorities,  claim  that  it  is  at  once  both. 
But  the  sciences  (using  even  the  widest  classification,  that  of  Herbert 
Spencer)  are  logic,  mathematics,  physics,  chemistry,  astronomy, 
geology,  biology,  psychology,  sociology,  and  ethics;  the  methods 
of  science  (according  to  Bain)  are  simply  observation  and  definition 
(classification),  induction  and  deduction.  We  do  not  find  statistics 
in  either  category.  Some  statisticians,  however,  hold  the  sound 
view  that  statistics  is  simply  a  quantitative  record  of  the  observed 
facts  or  relations  in  any  branch  of  science,*  and  I  have  ventured  to 
condense  and  define  this  view  into  a  diagram,  as  follows  : — 


Record  of  Facts  {at  given  time). 


Qualitative. 

Quantitative. 

Verbal. 

Numerical. 

Linear. 

Plana 

SoUd. 

Statements. 

i 

Graphic 
Statistics. 

§  6.  If  this  definition  be  correct,  we  obtain  history  by  supeiposing 
or  combining  successive  records,  and  this  view  is  identical  with  that 

*  For  a  valuable  discussion  of  recent  opinion  as  to  the  nature  of  statistics,  in 
which  this  latter  view  is  substantially  maintained,  see  Hooper,  "On  the 
Method  of  Statistical  Analysis" ;  Joum.  Statist  Soc  Lond.,  toL  xlir., 
March  1881. 
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Sciences 


Historical 


Statistical 


expressed  in  the  famous  aphorism  of  Schlozer,  one  of  the  earliest 
writere  on  the  subject — "Statistics  is  history  in  repose,  history  is 
statistics  in  movement."  Applied  to  sociology,  it  practically  agrees 
too,  with  the  division  of  the  subject  into  social  statics  and  social 
dynamics  established  by  Comte. 

§  7.  The  field  of  history  might  at  first  sight  seem  co-extensive  with 
that  of  statistics,  and  both  might  seem  to  extend  to  all  the  sciences  ; 
but  since  logic  involves  no  idea  of  quantity,  and  since  mathematical, 
physical,  and  chemical  conditions  and  properties  are  constant,  the 
Kope  of  statistics  and  history  becomes  restrained,  as  shown  in  the 
following  diagram : — 

Ethics. 

Sociology. 

Psychology. 

Biology. 

Geology. 

Astronomy. 

Chemistry. 

Physics. 

Mathematics. 

Logic. 

^^  is  thus  clear  that  statistics  and  history  are,  within  the  above 
*^it8,  the  common  property  of  the  sciences,  and  that  the  current  use 
^'  these  words,  which  restricts  them  to  social  phenomena,  is  simply 
one  of  colloquial  convenience,  while  their  use  in  the  sense  of  distinct 
*^ce8  or  of  distinct  scientific  methods  is  entirely  erroneous.* 

§8.  Statistics  being  thus  defined,  the  need  for  collection  and  classi- 

"Hie  preceding  general  conceptions  may  be  traced  into  interesting  detail. 
Tlie  application  of  the  above  diagranunatic  definition  of  statistics  to  all  the 
•^oces  clearly  illustrates  the  continual  progress  which  goes  on  in  each  from 
>Mie  qoalitatiTe  to  quantitative  knowledge,  and  the  increase  of  definiteness 
vhieh  qualitative  knowledge  is  always  tending  to  assume.  For  instance,  the 
li^e  of  a  chemical  compound,  say  sulphate  of  iron,  expresses  only  a  quuli- 
**tiye  relation,  its  ordinaiy  chemical  formula  FeS04  reaches  the  numerical 
'^'t*!  its  graphic  and  glyptic  formul®  are  respectively  the  plane  and  solid 
'^P^ct^tation  of  the  same  statistic,  as  we  may  conveniently  term  any  such 
'^•tion  of  quantity.  So,  too,  the  astronomer  has  his  star-maps  and  orrery, 
^  gwkgist  hiB  maps  and  models,  the  biologist  his  figures  and  diagrams, 
*°il<  the  aociologiBt  so  often  requires  similar  aid  that  the  French  Goverometit 
"'^  recently  esUblished  a  Bureau  de  Statistique  graphique.  So  by  piling  u[) 
^'''^^Mve  graphic  representatious  of  statistical  observations,  a  solid  historical 
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fication  being  granted,  and  the  unBatisfactoriness  of  existing  and 
proposed  schemes  of  classification  being  shown,  we  must  now  pro- 
ceed to  consider  the  desiderata  of  a  system  of  classification.  Our 
classification  must  be  natural,  not  artificial ;  must  be  capable  of 
complete  specialisation,  so  as  to  include  the  minutest  details,  and 
capable,  too,  of  the  widest  generalisation ;  it  must  be  nniversal  in 
application,  and  it  must  be,  as  far  as  possible,  simple  of  ondec- 
standing,  and  convenient  in  use«  But  how  shall  we  obtain  sach  a 
classification  9  What  phenomena  in  the  whole  field  of  human 
knowledge  have  as  yet  been  classified  in  this  way )  A  moment's 
consideration  will  show  that  it  is  biological  science  which  alone 
answers  the  question  satisfactorily.  None  of  the  preliminaiy 
sciences  is  wanting  in  order  or  definiteness,  but  to  biology  above  all  is 
presented  the  problem  of  an  innumerable  multitude  of  actual  pheno- 
mena demanding  arrangement  Take  an  instance  from  zoology.  Birds 
and  reptiles,  fishes  and  worms,  are  groups  which  the  common  sense 
of  probably  every  rational  human  being  enables  him  to  form  with 
considerable  approach  to  correctness ;  yet  at  this  point  the  task  of 
the  zoologist  is  only  beginning.  He  has  to  work  in  two  directions, 
to  specialise  until  every  member  of  these  groups  is  known  in  the 
greatest  detail,  and  also  to  generalise  these  groups  into  larger  and 
larger  ones.     The  two  lines  of  research  may  be  represented  thus : — 


•          •         • 

•                        ■ 
ft     ■    ■ 

birds. 

• 

•    •   •  • 
.     .  •   • 

■  ••reptiles. 
•  •  • 

.     . 
fishes. 

•  • 

•  ••  • 

•  • 

••  worms  > 


letting  the  dots  represent  the  details  of  the  various  groups,  and 
the  large  rectangles  the  successive  generalisations  which  oombine 

model  might  often  be  constructed.  A  geologist,  for  instaDce,  by  piling  map 
upon  map  of  a  given  island  at  successive  times  (the  margiQ  being  of  oonna 
removed)  would  thus  construct  a  solid  model  which  would  deariy  exhibit  the 
changes  throughout  the  whole  period.  Where  the  area  was  increasing  per  imit 
time,  the  solid  would  widen  upwards  and  overhang  its  base  ;  where  deoreaaiqg 
it  would  narrow,  and  thus  even  the  minutest  local  ineieaae  or  decieaae  wvmki 
be  represented  with  extreme  vividness. 
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these  into  krger  and  larger  alliance&  Such  a  method  of  classifica- 
tion is  obTiooslj,  therefore,  that  of  which  wo  are  in  search.  It 
accepts  our  ordinary  conceptions  as  far  as  possible,  and  systematises 
them ;  it  is  in  real  accordance  with  the  order  of  natnre,  it  pushes 
specialisation  and  generalisation  to  the  uttermost  limits  of  possi- 
bilitj,  it  is  universal  in  application,  and,  as  far  as  possible,  simple  of 
understanding  and  convenient  in  use. 

§9.  Using,  therefore,  the  ordinary  method  of  the  classiiicatory 

fences,  let  us  take  a  concrete  case — let  us   examine  some  actual 

statistics.     For  this  purpose  nothing  is  better  than  the  useful  little 

Anmudre^  published  by  the  Bureau  des Longitudes*     Some  of  its 

pnncipal  contents  are  as  follows : — Calendar,  times   of  eclipses, 

suffise  and  sunset,  tides,  &c.;  tables  of  weights,  measures,  and  money ; 

Wghts  of  mountains,  depths  of  rivers ;  superficies  and  population 

ofEoiopean  and  other  countries,  special  statistics  of  France,  her 

colonies  and  Paris,  laws  of  mortality,  &c.     Then  come  "  Tables 

dkenet^*  in  great  number,  of  which  the  few  following  instances 

^11  suffice: — Magnetic    inclination,   chemical    elements,  specific 

P*vitie8  of  elements,  rocks,  gems,  thermo-chemistry,  velocity  of 

*wmd,  indices  of  refraction. 

At  first  there  is  no  difficulty.  We  simply  separate  out  in  order 
WW  Btatistics  of  each  of  the  preliminary  sciences,  physical,  chemical, 
•stronomical,  geological  (inoluding  geographical,  meteorological,  &c.), 
^  leave  these  to  their  special  cultivators.  It  will  be  noticed  that 
*ven  this  simple  step  disposes  of  a  not  inconsiderable  part  of  the 
actual  statistics  of  various  countries  {e,g,,  see  Austria,  Colonies,  &c, 
P-  297).  Social  statistics  now  alone  remain ;  how  are  they  to  be 
^***8ifie(i  in  accordance  with  our  canons  1 

§  10.  Let  us  first  inquire  what  is  the  fundamental  scientific  idea  of 
•wdety.  Some  statists  and  economists  answer  exchange,  others  divi- 
*on  of  labour,  others  find  it  in  history,  others  in  the  rights  of  man 
^  the  like.     This  diversity  of  opinion  makes  it  unnecessary  to  criti- 

• 

^  each  in  detail,  and  we  are  thrown  back  upon  our  own  resources — 
^  hiowledge  of  the  preliminary  sciences.  Just  as  the  biologist  is 
^'''•tomed  to  classify  man  along  with  inferior  organisms,  and  to 
^  the  fundamental  resemblances  in  structure  and  function  which 
^  QilgaiiiBation  presents  to  theirs,  so  he  may  reasonably  inquire 

*  Paris :  Gauthier-Villars. 
VOL  XL  2  Q 
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wherein  human  society  resembles  the  societies  formed  by  the  lower 
animals,  the  more  so  as  no  one  disputes  that  these  fall  strictly 
within  his  province.*  As  the  term  society  indeed  assumes,  some 
general  truths  must  be  common  to  societies  of  Formica^  Apis, 
Cagtor,  and  Homo  alike — ^to  ant-hill,  bee-hive,  beaver-dam,  and  city, 
and  this  must  therefore  underlie  our  classification  of  social  facta 

§  11.  First,  then,  a  society  obviously  exists  within  certain  limits 
of  time  and  space.  Secondly,  it  consists  of  a  number  of  living 
organisms.  Thirdly,  these  modify  surrounding  nature,  primarily  by 
seizing  part  of  its  matter  and  energy.  Fourthly,  they  apply  this 
matter  and  energy  to  the  maintenance  of  their  life,  t.^.,  the  support 
of  their  physiological  functions. 

It  is  here  clearly  to  be  understood  that  no  attempt  is  made  com- 
pletely to  define  a  society.  A  society  may  be  much  more  than  all 
this,  in  which  case  more  general  truths  are  discoverable,  but  in  any 
case  these  four  generalisations  are  obviously  true,  neither  hypothesis 
nor  metaphysical  principle  being  involved.  These  will  therefore 
henceforth  be  termed  sociological  axioms.  What  aid  can  they 
afford  us  9 

§  12.  They  enable  us  to  classify  out  the  facts  relating  to  each  and 
every  society  as  foDows  :t — 

(A.)  Those  relating  to  the  limits  of  (1)  time  and  (2)  space  occu- 
pied by  the  given  society. 

(B.)  Those  relating  to  the  matter  and  energy  utilised  by  the 
society  from  surrounding  nature. 

(C.)  Those  relating  to  the  organisms  composing  the  society. 

(D.)  Those  relating  to  the  application  of  the  utilised  matter  and 
eneigy  by  the  given  organisms. 


•  (( 


The  Biological  sciences  are  those  which  deal  with  the  phenomena  mani- 
fested by  hying  matter  ;  and  though  it  is  costomary  and  convenient  to  group 
apart  such  of  these  phenomena  as  are  termed  mental,  and  such  of  them  as  are 
exhibited  by  men  in  society  under  the  beads  of  Psychology  and  Sociology,  yet 
it  must  be  allowed  that  no  natural  boundary  separates  the  subject  matter  of 
the  latter  sciences  from  that  of  Biology.  Psychology  is  inseparably  linked  with 
Physiology ;  and  the  phases  of  social  life  exhibited  by  animals  other  than  man, 
which  sometimes  curiously  foreshadow  human  policy,  fall  strictly  within  the 
province  of  the  biologist" — Huxley,  **  Anatomy  of  Invertebrated  Animals," 
London,  1877,  p.  1,  Introduction. 

t  For  better  agreement  with  the  order  of  the  sciences  (see  p.  301),  it  is  con- 
venient to  transpose  the  classes  of  facts  derived  from  the  second  and  third  axioms. 
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§  13.  We  may  now  proceed  briefly  to  discuss  these  in  order,  not 
tracing  them  into  more  detail  than  is  essential  for  clearness. 

A.  (1.)  Of  the  extreme  limits  of  time  either  or  both  may  or  may 
not  be  known,  but  the  time  at  which  our  record  of  facts  is  taken  can 
1)6,  and  usually  is,  stated  definitely  at  the  outset  as  a  date. 

(2.)  Limits  of  space.  Leaving  all  purely  physiographical  ques- 
tions to  the  preliminary  science  of  geology,  the  essentially  social 
space  relations  may  be  arranged  as  follows : — 

A.  Territory  of  given  society, 

I  Quantity  at  given  time. 

1.  Persistent  since  last  unit  time. 

2.  Added  since  last  unit  time. 

(a)  By  geologic  agency  (upheaval,  deposition,  &c). 
(h)  By  social  agency   (discovery,   conquest,   reclamation, 
purchase,  &c). 

H  Quality  at  given  time. 

1.  Unused. 

2.  Used. 

(a)  UnspecialiBed  (for  such  and  such  functions). 

(b)  Specialised  (for  such  and  such  functions). 

ni  Decrease  since  last  unit  time. 

1.  By  geologic  agency. 

2.  By  social  agency. 

}li  Let  us  now  pass  to  the  body  of  facts  which  our  third 
*xioin  enables  us  to  co-ordinate — those  (B)  relating  to  the  matter 
wid  energy  utilised  by  the  given  society. 

-Hie  primary  sources  of  energy  in  nature,  so  far  as  we  at  pre- 
•^t  know,  are  four — first,  the  primitive  chemical  affinity  of  the  un- 
wnibbed  elements ;  secondly,  the  internal  heat  of  the  earth ; 
^Widly,  the  rotation  of  the  earth;  fourthly,  the  sun.  Of  these 
»^  last  is,  of  course,  by  far  the  most  important ;  and  its  energy 
*^  either  active  in  sunshine,  moving  air,  or  water,  or  latent  in 
^earth's  crust,  or  in  the  organisms  surrounding  or  composing 
*^%.  The  energy  of  the  earth's  rotation  has  been  used  to  some 
>iQaQ  extent  in  tide-mills ;  that  of  the  earth's  internal  heat,  as  mani- 
i^ited  in  hot  springs,  volcanoes,  &c.,  of  course  still  less ;  while  the 
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first  source,  that  of  primitiye  chemical  affinity^  is  scarcely  used  at  all, 
since  the  elements  (with  the  partial  exception  of  sulphur)  are  desired 
for  thp  sake  of  other  properties  than  their  capacity  of  yielding  energy. 

The  next  portion  of  the  same  table,  that  intended  for  the  arrange- 
ment of  our  knowledge  of  the  substances  used,  not  for  the  producr 
tion  of  energy,  but  for  the  sake  of  their  physical,  chemical, 
physiological,  or  other  properties,  may  most  simply  be  divide4 
according  as  the  substances  are  animal,  vegetable,  or  mineraL  The 
mineral  sources  may  conveniently  be  grouped  as  non-metallic, 
metallic,  rocks,  and  soils;  the  vegetable  and  animal  by  natural 
groups.  But  the  matter  and  energy  seized  from  nature  are  mere 
raw  materials,  as  yet  unfitted  for  application  to  the  maintenance  of 
the  society.  From  this  state,  in  which  they  may  bo  termed  poten- 
tial products,  they  must  be  developed  into  that  of  ultimate  products. 
And  a  little  consideration  will  show  that  this  process  of  develop- 
ment has  generally  three  stages, — the  first,  of  exploitation,  including 
agriculture,  mining,  engineering,  <&c. ;  the  second,  of  manufacture ; 
the  third,  of  movement  by  the  agencies  of  transport  and  exchange 
to  the  place  of  ultimate  application  to  the  wants  of  the  society — ^pro- 
tection, alimentation,  nervous  stimulus,  &c.  These  propositions  are 
exhibited  and  somewhat  extended  in  Table  B  1.* 

§  16.  In  complex  societies,  however,  a  large  proportion  of  raw 
materials  has  to  be  converted  into  apparatus  for  service  in  exploita- 
tion, manufacture,  and  transport;  these  may  be  termed  mediate 
products.  We  have  now  the  main  principles  of  an  exhaustive  classi- 
fication of  all  products  whatsoever ;  thus — - 

a.  Potential  Products. 

See  Table  B  1. 
p.  MedixUe  Products^  used  in — 

1.  Exploitation. 

2.  Manufacture. 

3.  Movement 

(a)  Transport 

(b)  Trade. 

y.   Ultimate  Pi'oducts.^ 

*  This  table  is  essentially  borrowed  from  Tait  and  Balfoor   Stewart    Sec 
Balfour  Stewart,  **  Elementary  Treatise  on  Heat." 
t  The  details  of  the  above  classificatioxL  would  i&Tolye  the  printiag  oi  t  ow-— 
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§  16.  A  farther  large  proportion  of  energy  and  matter  is  prema- 
torelj  dissipated  and  disintegrated  by  various  agencies,  and  at  various 
stages  of  development,  and  thus  never  becomes  used  at  alL  Such 
premature  dissipation  is  termed  loss,  and  of  course  needs  to  be 
balanced  against  the  gain  recorded  in  the  two  preceding  tables.  The 
details  arrange  themselves  as  follows : — 


Loss 


1.  Of  raw  materials 

2.  In  exploitation 

3.  In  manufacture 

4.  In  transport 

5.  In  exchange 

6.  Of  ultimate  products 

7.  In  remedial  effort 


by 


I 


/  1.  Physical  agencies,  e./;., 
Avalanche. 
Earthquake. 
Volcano. 
Flood. 
Storm,  &c. 

2.  Biological  agencies,  e.^.. 
Insects. 
Fungi,  &c. 

3.  Social  agencies,  e^gt.y 
Crime. 
War. 
Folly,  &c. 


S 17.  The  second  axiom — that  a  society  consists  of  living  organ- 
^*'**— leads  us  to  the  classification  of  their  statistics.  These 
*wmge  themselves  in  a  way  very  analogous  to  that  used  for 
ti»e  statistics  of  territory  (see  p.  305^  and  Tables  A  I.,  IL,  IXI.) 

*8  follows : — 

C.  Organisms  composing  society. 

^  Number  at  given  time. 

1.  Surviving  since  last  unit  time. 

2.  Added  since  last  unit  time. 

(a)  By  birtk 

(b)  By  immigration. 

■*«^ble  number  of  minor  tables,  and  are  therefore  omitted,  as  tending  to 
^^^  the  limits  and  divert  attention  from  the  main  purpose  of  the  present 
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IL  Quality  at  given  time, 

1.  Biologicah 

(a)  Structural 

a.  Ethnological 

(Race,  aspect,  &c.). 
/3.  Anthropometric. 
(Size,  weight,  &c.). 
(h)  Functional. 

a.  Efficiency  of  non-cerebral  function& 
/3.  Efficiency  of  cerebral  functions  {PsyctiologicaCj, 
(c)  Distributional 

2    Social. 

(a)  Mutual  relations. 

IIL  Decrease  since  last  unit  time. 

1.  By  death. 

2.  By  emigration,  &c. 

§  18.  Since  the  organisms  composing  the  society  have  by  our 
first  axiom  certain  time-relations,  since  by  our  third  axiom  they 
seize  upon  the  matter  and  energy  of  nature,  a  new  idea  comes  in, 
that  of  their  occupation&  In  a  complex  society  like  the  human, 
more  time-relations  or  occupations  are  to  be  observed  than  those 
which  concern  the  direct  utilisation  of  nature.  By  the  aid  of 
these  considerations  and  of  the  preceding  tables,  the  occupations 
arrange  themselves  as  f oUows : — 

L  Operations  on  matter  and  energy,  i.e.,  concerned  in 

1.  Exploitation. 

2.  Manufacture. 

3.  Movement. 

(a)  Transport 
(h)  Trade. 

II.  Operations  on  organisms  com|)osing  given  society. 

1.  Service  of  non-cerebral  functions. 

(a)  Menial,  domestic. 

2.  Service  of  cerebral  functions. 

(a)  iEsthetic,  inteUoctual,  moral 

3.  Service  of  co-ordination. 


of  Bdininirgh,  Session  1880-81.  309 

m.  (For  this  third  class  no  completely  satisfactory  term  exists. 
Its  scope  and  limits  are,  however,  as  will  afterwards  be  seen,  none 
the  less  definite.) 

1.  Unemployed. 

(By  reason  of  youth,  misadventure,  refusal,  &c.). 

2.  Disabled. 

(By  disease,  defect,  age,  &c.). 

3.  Destructiva 

(War,  crime,  &c.). 

4.  Bemedial. 

(Of  disaster,  disablement,  destruction,  &c. 

§  19.  Knowing  now  the  number  and  quality  of  the  members  of 
^^6  society,  and  their  respective  occupations,  and  considering 
tbat  they  apply  the  resources  of  nature  to  the  satisfaction  of 
their  wants,  the  manner  in  which  these  are  divided — in  other 
vords  the  partition  of  products,  comes  next  to  be  classified.  This 
Partition,  it  must  be  observed,  may  be  either  of  territory  of  services 
^i  potential,  mediate,  or  ultimate  products,  or  of  tokens  or  claims 
for  these. 

^I^W  facts  may  be  thus  tabulated : — 

!•  Mediate  partition  to  classes  A,  B,  C  (and  to  members  of 
various  occupations  contained  in  these). 

1.  Of  claims  (currency,  &c.). 

2.  Of  potential  products. 

3.  Of  mediate  products. 

n.  Ultimate  partition  to  A,  B,  C. 

1.  Of  territory. 

2.  Of  ultimate  products. 

3.  Of  services. 

^  some  cases  the  partition  is  nil ;  that  is  to  say,  the  products, 
^^ry,  &C.,  are  held  in  common. 

'  20.  The  partition  of  products  to  the  members  of  the  society 
^^g  now  disposed  of,  there  next  comes  to  be  considered  the  mode 
^^  their  consumption  or  use,  for  which  a  separate  but  similar  set  of 
^^^  is  therefore  provided, 

S2l.  Finally,  since  the  members  of  society  are  modified  (1)  in 


310  Proceedings  of  the  Royal  Society 

accordance  with  their  modes  of  life  or  occupations,  and  (2)  by  their 
food  and  other  material  circumstances,  since,  in  biological  language, 
the  organism  is  modified  by  its  environment,^  it  is  now  necessary  to 
inquire  as  to  the  results  of  the  given  occupations,  and  the  given 
partition  and  use  to  the  members  following  these.  The  biologist 
has  accumulated  a  considerable  body  of  knowledge  respecting  these 
results  among  animals,  but  comparatively  little  is  known  of  human 
society  in  this  respect  The  foundation  of  an  exhaustive  knowledge 
of  these  results  has,  however,  long  ago  been  laid  by  the  labours  of 
the  physician,  the  hygienist,  and  in  a  less  degree  by  those  of  tbo 
educationist  and  philanthropist. 

§  22.  These,  then,  are  the  primary  tables,  and  we  are  now  in  a 
position  to  inquire  how  far  our  task  of  classifying  the  whole  body 
of  social  statistics  has  been  successful 

The  scheme  is  scientific  throughout — in  accordance  with  the 
known  truths  of  physical  and  biological  science — is  capable  on  the 
one  hand  of  complete  specialisation  by  the  aid  of  minor  tables,  into 
the  most  trivial  details  of  common  life,  and  on  the  other,  of 
generalisation  into  a  colossal  balance-sheet.  Its  systematic  and 
generalised  character  appears  clearly  from  a  survey  of  the  whole 
sheet  of  tables.  It  will  be  observed  in  the  first  place  that  the 
successive  sets  of  tables,  three  each,  may  be  read  in  horizontal  rows, 
thus — ^Territory,  Production,  Organisms,  Occupations,  Partition, 
Use,  Besult.  Secondly,  that  these  sets  of  tables  are  related  to  each 
other :  Organisms  being  treated  on  the  same  plan  as  Territory ;  the 
tables  of  Occupations  being  derived  largely  from  t^oee  of  Pro- 
duction, and  the  tables  of  Partition,  Use,  and  Result,  being  in  such 
close  relation  to  those  of  Occupations  that  the  ruling  of  each  of  the 
latter  is  exactly  copied  in  all  the  four  lower  series  ;  while  the  third, 
and  by  far  the  most  important  general  view  is  obtained  by  looking 
at  the  left  hand  and  middle  vertical  series  (at  least  as  far  down  as 
Occupations  inclusive,  and  in  some  respects  all  the  way),  as  entries 
on  the  debtor  side  of  the  balance-sheet,  and  similarly  at  the  right 
hand  vertical  series  as  entries  on  the  creditor  side.  Again,  the 
scheme  is  universal  in  application — the  tables  will  serve  equally 
well  for  arranging  our  knowledge  concerning  any  society — animal  or 

*  This  might,  perhaps,  more  conveniently  have  been  stated  as  a  sepante 
axiom. 
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haman,  ciyilised  or  savage : — for  savage  and  animal  societies,  some 
ooltunnB  here  and  there  of  course  simply  remaining  blank.  It  is 
eztiemely  simple,  too,  of  understanding,  and  may,  therefore,  on  all 
these  grounds,  satisfying  as  it  does  all  the  desiderata  of  a  classifica- 
tiou,  legitimately  claim  a  trial  of  convenience  in  use.  In  so  far  as  the 
authotr's  own  studies  have  extended,  it  has  proved  eminently  service- 
able and  suggestive ;  and,  moreover,  if  it  be  admitted  to  be  a  better 
classification  than  its  predecessors,  it  is  entitled  provisionally  to  super- 
sede them  for  working  purposes,  according  to  the  universal  practice 
of  the  preliminary  sciences,  even  although  itself  open  to  criticism. 

§  23.  Such,  then,  being  the  classification  in  its  most  general  and 
abstract  form,  its  completion — a  task  even  more  than  that  of  any  of 
the  preliminaiy  sciences — needing  innumerable  lifetimes  broad  and 
longy  would  require  subclassification  into  the  minutest  details  of 
lodal  life  and  the  filling  up  all  the  major  and  minor  tables  for  each 
given  society,  with  the  facts  of  which  so  many  are  already  gathered 
into  economic  and  statistical  libraries,  and  so  many  are  being 
periodically  collected,  but  of  which  perhaps  even  more  await  inves- 
tigatoTB,  and  the  notation  of  all  these  by  all  the  resources  of 
graphic  stadstics.  Thus,  with  the  comparison,  too,  of  each  record 
with  those  of  other  communities  and  of  antecedent  times — in  other 
words  the  comparison  of  statistics  with  statistics,  and  history  with 
history,  it  is  hard  to  speculate  how  vast  would  be  the  outcome  of 
eluddated  law&* 

Bat  while  this  complete  application  is  not  within  our  reach,  it 
must  not  be  supposed  that  no  application  is  or  can  be  made  to 
piactioe,  nor  that  the  present  is  a  mere  untested  schema  On  the  con- 
trary, a  very  considerable  number  of  volumes  of  actual  statistics^ 
joQinals  of  societies,  census  returns,  and  works  on  special  subjects, 
have  been  gone  through,  without  the  discovery  of  any  facts  relating 
to  any  given  society  which  could  not  be  immediately  referred  to  their 
places  on  the  tables,  while  the  facts  relating  to  relations  between 
different  societies  arranged  themselves  conveniently  as  links  between 
their  respective  sets  of  tables,  t 

*  It  is  interesting  to  compare  tbese  with  the  in  many  respects  similar  tables 
employed  by  Mr  Spencer.     See  bis  "Descriptive  Sociology." 

t  The  reader  may  conveniently  verify  this  statement  by  mnning  through 
any  such  book,  aay  a  number  of  the  Journal  of  the  Statistical  Society,  or  a 
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§  24.  Again,  these  tables,  as  the  reader  must  already  have  noticed^ 
embody  much  moie  than  a  mere  classification  for  statistics  in  the 
narrower  sense,  and  attempt  nothing  short  of  an  organisation  of  the 
whole  facts  presented  by  the  social  sciences  into  a  more  definite  and 
coherent  body  of  knowledge  than  they  have  formed  heretofore.  The 
first  series  of  tables,  those  of  Territory,  is  intended  to  include  the 
facts  of  political  geography,  while  the  second  series  ia  still  more 
comprehensive.  Its  first  table,  that  of  Energy  and  Matter,  in- 
cludes the  subjects  commonly  termed  economic  physics,  economic 
geology,  economic  botany,  and  zoology,  of  which  there  is  a  laige, 
but  inco-ordinated  literature.  * 

The  table  (B  XL)  entitled  Development  of  Products,  generalises 
a  classification  of  the  facts  and  processes  of  technology  in  the  widest 
sense,  including  all  the  arts,  coarse  and  fine,  together  with  the  pro- 
cesses of  transport  and  exchange  which  the  products  undergo  ;  the 
developmental  history  of  any  given  product  (which  is  in  many 
respects  analogous  to  that  of  an  organism),  being  written  across  the 
table  from  left  to  right  The  minor  tables,  as  yet  unpublished,  of 
which  the  most  important  is  outlined  at  page  306,  contain  a  classi- 
fication of  all  material  products,  potential,  mediate,  and  ultimate. 
And  it  must  not  be  supposed  that  these  are  mere  d  priori  construc- 
tions, inapplicable  to  practice,  the  table  of  Development  having 
really  been  worked  out  with  a  constant  reference  to  the  contents  of 
technological  encyclopaedias  (of  which  the  present  arrangement  is 
usually  merely  alphabetic),  while  the  minor  tables  are  the  result  of 
many  weeks'  continuous  attempt  to  classify  the  multitudinous  con- 
tents of  the  last  Paris  Exposition,  and  of  various  smaller  previous 
and  subsequent  museums  of  production. 

In  like  manner  the  three  tables  devoted  to  the  organisms  oom- 

copy  of  the  Proceedings  of  Section  F.  of  the  British  Association.  At  most  he 
will  only  occasionally  have  a  temporary  difficulty  in  finding  where  to  assign 
any  subject,  and  this  merely  for  want  of  the  minor  tables. 

*  The  names  of  these  subjects  are  unsatisfactory,  since  scientific  physics, 
geology,  and  biology  have  no  economic  aspects  at  alL  The  biologist,  for 
instance,  divides  his  subject  into  morphology,  physiology,  distribntioQ,  and 
eetiology,  and  finds  no  place  for  economic  considerations.  These  subjects  are 
really  sociological  ones,  and  should  therefore  be  termed  respectively  phjsical 
economics,  geological  economics,  botanical  and  zoological  economioa.  The 
change  is  no  mere  verbal  one,  but  involves  a  radical  alteration  of  the  point  of 
view  and  mode  of  treatment,  and  indeed  demands  the  handing  over  of  these 
subjects  to  other  cultivators. 


o/Minbwrgh,  Session  1880-81.  313 

posing  society  generalise  the  results  of  the  daily  labours  of  the 
Registrar  of  births,  deaths,  and  marriages,  'with  those  of  the 
periodic  census,  and  there  again  with  anthropological  and  educational 
statistics,  while  the  three  tables  immediately  following  offer  a 
solution  of  two  long  outstanding  and  highly  important  problems^ — 
first,  that  of  the  classification  of  occupations;*  and  second,  that 
of  the  nature  of  productive  and  unproductive  labour. 

Lastly,  the  tables  of  Production,  Partition,  and  Use  aim  respec- 
tively at  including  the  facts  of  the  usual  divisions  of  political 
economy — ^the  production,  distribution,  and  consumption  of  wealth ; 
while  the  last — those  of  Result— cover,  as  before  stated,  a  large  but 
incomplete  and  unsystematiBed  body  of  knowledge  accumulated  by 
biologists,  physicians,  educationists,  and  philanthropists,  and  re- 
lating to  the  reaction  of  the  environment  upon  the  organisms 
composing  the  society. 

§  25.  I^  therefore,  it  has  been  admitted  that  the  series  of  tables  are 
placed  in  order  and  organised  into  a  whole,  it  becomes  evident  that 
the  sabjects  just  enumerated,  viz.,  the  facts  of  political  geography, 
of  pnysical,  geological,  botanical,  and  zoological  economics,  of 
technology  and  the  fine  arts,  of  anthropology,  of  demography,  and 
of  political  economy  have  similarly  been  placed  in  order  and 
oiganiaed  into  a  whole.  This  whole  body  of  facts  treated 
statistically  and  historically,  and  the  generalisations  obtained 
from  them,  together  with  an  account  of  intersocial  relations, 
would  constitute  a  complete  account  of  the  society,  or  group  of 
societies. 

§  26.  While  it  is  evident  that  in  our  ascending  progress  from 
the  preliminary  sciences  no  shock  has  been  felt,  and  no  difficulty 
found,  in  the  successive  assimilation  of  the  facts  of  political 
geography,  physical  and  biological  economics,  technology  and 
demography,  a  vast  hiatus  becomes  evident  on  our  approach  to 
political  economy.  For  here  we  find  not  a  definite  record  of 
oheerved  phenomena  aiming  at  exhaustiveness,  together  with  the 
gmeialisations  obtained  therefrom,  but  a  multitude  of  contending 

*  See  the  very  interesting  alphabetic  list  of  occupations  in  the  London 
Directory,  and  the  discnssions  as  to  classification  in  the  Report  of  the  United 
Stites  Census,  1870,  and  Report  of  Census  of  Scotland,  1871,  where  detailed 
are  also  given. 
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systems,  bearing  sometimes  geographical  names,  as  British  school, 
Italian  school,  sometimes  named  after  their  founders,  or  sometimes 
designated  by  some  prominent  aspect  of  their  doctrine,  as  Socialism, 
Commnnism,  &c.,  each  claiming  orthodoxy  and  opposing  its  con- 
temporaries obliquely  or  diametrically.  This  state  of  things, 
fortunately  unique  in  science,  makes  desirable  an  exhaustive 
study  and  classification  of  all  these  rival  systems;  but  within 
our  present  limits  it  is  only  possible  to  attempt  a  brief  glance 
at  their  main  points  of  difference  and  of  agreement. 

First,  then,  they  differ  as  to  whether  the  subject  be  a  science  at 
all,   some  authors  regarding  it  as  an  art,   others   as  something 
distinct  from  botL     Restricting  ourselves  henceforth  to  the  great 
majority  of  schools  which  hold  the  first-mentioned  opinion,  we  find 
them  agree  in  the  extensive  adulteration  of  their  scientific  matter 
with  irrelevant  discussions,  which  are  occasionally  of  a  theological 
nature,  but  much  oftener  metaphysical,  and  most  frequently  practical 
— a  peculiarity  which  helps  to  explain  the  low  esteem  into  which  the 
subject  has  been  steadily  falling  during  the  last  generation,  among 
theologians  and  metaphysicians,  practical  and  scientific  men  alika 
Such  digressions  are,  however,  common  to  the  infancy  of  every 
department  of  knowledge,  and  must  not,  therefore,  be  too  hardly 
dwelt  upon.     A  more  serious  difficulty  lies  in  the  want  of  unanimity 
among  the  various  schools  as  to  the  position  of  their  subject  with 
respect  to  other  sciences,  some  spending  no  little  labour  in  an 
endeavour  to  isolate  it  from  other  branches  of  knowledge  altogether, 
while  others  claim  it  to  be  a  logical  science,  others  a  mathematical, 
others    a    physical,    others   a  biological,   others   a  psychological, 
others    a    sociological,    others    an    ethical    science,    while    some 
hold  it  to  belong  partly  to    one    and   partly  to  another.      In 
other  words,   the  subject  has  been    referred    to   every  possible 
position    in    the    classification    of    the    sciences    with    the   ex- 
ceptions of  astronomy,   chemistry,   and   geology.     And  while   it 
must  be  admitted  that  the  teachers  of  these  various  systems  are 
usually  admirable   as  logicians,    and  that  many  also  freely  use 
mathematical  reasonings  and  illustrations,  they  do  not  apply  their 
knowledge  to  any  great  extent  in  the  quantitative  study  of  pheno- 
mena nor  to  the  analysis  of  the  facts  recorded  by  statisticiana    And 
again,  although  political  economy  is  said  to  deal  largely  with  TF^ft<^<^I 
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ihingBy  and  largely  with  organised  beings,  there  is  probably  no 
department  of  modem  literature,  not  even  poetry  or  romance,  so 
little  leavened  by  the  recent  advances  of  our  knowledge  of  the  laws 
of  matter  and  of  life.  To  judge  from  their  writings  the  economists 
would  seem  to  be  unconscious  of  the  very  existence  of  such  doctrines 
SB  those  of  the  conservation  and  dissipation  of  energy,  of  evolution, 
and  the  like,  and  of  the  evident  fact  that  the  students  of  the 
physical  and  biological  sciences  can  hardly  much  longer  delay  a 
combined  invasion  of  their  territory.'"'  Moreover,  although  archaic 
psychological  conceptions — frequently,  of  course,  of  fundamental 
importance — are  tenaciously  retained,  the  economist  usually  holds 
aloof  from  considering  the  important  constructive  sociological  efforts 
already  made  from  the  side  of  the  preliminary  sciences,  while 
the  only  ethical  allusion  to  be  f  oimd  in  many  a  lengthy  economic 
treatise  is  a  contemptuous  dismissal  of  ''sentiment" 

Passing  lightly  over  these  disputes  as  to  whether  the  subject  is  to 
be  treated  purely  by  deduction,  or  by  induction,  or  by  both,  and 
evading  the  interminable  discussions  about  the  definition  of  terms, 
aince  they  compel  the  abandonment  of  most  of  these  altogether, 
we  are  arrested  by  the  most  serious  discrepancy  of  all — ^that  relating 
to  the  very  scope  and  nature  of  political  economy.     We  find  that 
«ome  schools  narrow  the  subject  to  industry  alone,  others  to  govern- 
ment^ others  to  value,  others  to  exchange,  so  that  it  has  actually 
l)een  proposed  within  recent  years  to  confine  the  title  to  the  study 
of  the  commercial  phenomena  of  the  present  industrial  period  in 
Xngland,  that  is  to  say  in  the  language  of  our  tables,  to  little  more 
than  certain  of  the  phenomena  of  movement  at  a  given  time  in  one 
•oeiety ;  while  even  many  of  those  systems  which  take  a  wider  view 
and  seek  to  investigate  production,  partition,  and  use  are  often 
putty  reproached  with  ignoring    the    organisms    composing  the 
aodety  altogether,  or  at  the  very  least  with  too  scanty  attention  to 
tbe  all-important  results  of  production,  occupation,  partition,  and  use 
^pon  these  organisms,  while  they  are  prone  to  state  their  generalisa 
^  of  the  local  and  the  temporary  as  absolute  laws.     And,  finally, 
^  find  that  many  of  these  widest  systems  concern  themselves 
'^^  with  actual  periodic  detailed  and  quantitative  observation  of 

^Frendential  Addresses  to  Sections  A,  F,  G  of  the  British  Association* 
York,  1881. 
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current  phenomena,  and  still  less  with  historical  studies,  that  is  to 
say,  with  what  we  saw  at  the  outset  to  be  the  two  real  aspects  of 
the  subject ;  while  even  the  schools  which  pay  most  attention  to 
statistics  and  to  history  are  still  far  from  basing  their  labours  on 
the  foundation  of  the  preliminary  sciences. 

§  27.  But  is  not  the  preceding  criticism  altogether  too  completely 
destructive  1  In  no  wise,  for  it  is  only  levelled  against  the  economic 
systems  as  systems,  each  with  pretensions  to  intellectual  completeness. 
But  when  the  claim  to  system  and  completeness  is  withdrawn  all  at 
once  become  entitled  to  a  respectful  examination.  Valuable  materials 
have  been  collected,  constructive  of  scientific  economics.  Statistical 
and  historical  inquiry  have  long  been  in  active  progress ;  wider  and 
wider  conceptions  of  the  range  and  place  of  social  science  are  daily 
gaining  ground,  while  those  very  schools  which  we  have  just  been 
criticising  for  their  narrowness  of  observation  have  iu  some  respects 
all  the  more  clearly  focussed  the  subjects  witbin  their  range,  and 
bave  traced  for  us  many  of  the  moat  important  phenomena  of 
industry  or  commerce,  of  finance  or  government.  And  if  our 
present  limits  had  admitted  of  any  detailed  criticism^  it  would  have 
been  easy  to  show  a  certain  degree  of  real  progress  on  the  part  of 
many  recent  political  economists  towards  the  acceptanoe  of  scientific 
methods  and  ideas.** 

And  the  real  claim  of  the  system  outlined  in  the  preceding  pages 
lies  not  in  its  newness,  for  it  indeed  contains  probably  no  new  ideas 
at  all,  but  in  its  serving  as  far  as  consistent  with  truth  to  represent 
the  doctrine  of  each,  and  to  harmonise  the  labours  of  all  the  schools. 
Thus,  for  instance,  it  is  one  of  the  most  marked  advantages  of  the 
tables  that  it  would  be  easy  to  monograph  on  this  principle  a  city 
or  a  village,  a  single  household  or  even  an  individual,  as  well  as  a 
nation,  to  compare  these  facts  of  personal  and  domestic  economy 
among  each  other,  and  to  generalise  bodies  of  these;  yet  this  is  simply 
a  return  to  the  conception  from  which  political  economy  aiOBs  and 
departed,  that  of  the  study  of  household  management  and  law.f 
Again,  the  postulation  of  the  preliminary  sciences,  the  idea  of  terri* 
tory  yielding  matter  and  energy  which  manufactures  and  commeroe 

*  Ex.  gr.  Marshall,  **  Economics  of  Industry,"  London,  1880.    Oayot^  **Lt 
Science  Economiqae,"  Paris,  1881. 
t  noAcTCio,  oiKiOt  olxost  VOflOS. 
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can  onlj  develop  into  nltimate  products ;  these,  with  the  classificar 
tion  of  occupations,  are  the  ideas  of  the  leader  of  the  economic 
Eenaissance,  the  physician  and  physiologist  De  Quesnay,  although 
the  more  advanced  science  of  our  day  enables  us  to  avoid  the  errors 
into  which  he  fell :  so,  too,  the  larger  view  of  industry  and  commerce, 
the  detailed  examination  of  products  and  processes,  of  mediate  and 
ultimate  partition  and  the  like,  the  statistical,  historical,  and  com- 
parative inquiries,  and,  above  all,  the  treatment  of  economic  ques- 
tions as  forming  not  a  totally  isolated  department  of  knowledge,  but 
an  integral  part  of  the  general  study  of  man  and  of  society,  form  the 
veiy  essence  of  the  *' Wealth  of  Nations." 

It  would  be  easy  to  multiply  examples,  to  show  how  complete 
and  detailed  a  harmony  of  the  matter  and  spirit  of  the  various 
schools,  statistical  as  well  as  economical,  the  scheme  affords  us,  and 
how  it  solves  so  many  apparently  difficult  and  long-disputed  pro- 
blems ;  how,  for  instance,  the  fundamental  conception  of  organisms 
utilising  the  matter  and  energy  of  nature  clears  up  such   time- 
lionouied  disputes  as  those  concerning  the  nature  of  interest  and 
cf  intrinsic  value,  or  how  light  is  thrown  upon  such  phenomena  as 
those  of  competition  and  co-operation  by  the  biological  conceptions 
cf  straggle  for  existence,  of  physiological  differentiation,  of  poly* 
xnorphiam,  and  of  functional  change.     But  space  does  not  permit 
a&y  farther  development  of  the  scientific  aspects  of  the  subject,  and 
it  is  necessary  at  once  to  proceed  to  the  investigation  of  practical 
economics. 

S  28.  Since  the  organisms  composing  society  are  largely  occupied 

in  utilising  matter  and  energy ;  since,  moreover,  every  action  and 

QVery  movement  involves  some  disintegration  and  dissipation  of 

energy — produces,  that  is  to  say,  an  economic  result — it  is  evident 

^t  an  exhaustive  study  of  practical  economics  would  involve  a 

T^mtikative  record  and  classification  of  every  action  going  on  in  the 

•*^ty.    Such  exhaustiveness  is,  of  course,  impossible ;  but  with- 

^  going  to  any  such  extreme  it  is  desirable  and  interesting  to 

^e  some  attempt.     Much  can,  of  course,  be  done  by  observing 

^  daasifying  the  activities,  we  see  going  on  around  us ;  but  as  a 

wnvenient  periodic  record  in  which  most  of  the  more  important 

'coonB  going  on  in  the  community  find  at  least  occasional  mention 

Q  furnished  by  the  daily  newspaper,  it  will  suffice  for  the  present 
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to  take  it  as  an  example,  and  refer  each  item  of  news  to  its  place  in 
our  classification.     Thus,  taking  a  few  at  random :  * — 


Snbject. 

Society. 

Snbject  of  Table. 

Minor  Table. 

1.  Irish  Land  Bill. 

2.  Opening  of  Lelth ) 

Dock.                    1 

8.  Faneral  of 

4.  Amount  of  Revenue. 

6.  Wreck  of  Shetland 
Fishing  Fleet. 

6.  American          Wheat 

Crop. 

7.  Daring  Murder. 

8.  Opening  of    New ) 
Hospital.                j 

Ireland. 

Scotland. 

England. 
Britain. 

Scotland. 

United  States.  > 
Canada.            ) 

England. 
England. 

Ultimate  Partition. 

Mediate  Products. 

Organisms.    Loss. 
Mediate  Partition. 
Ua)  Products.  Loss. 

\(b)  Organisms.  Loss. 

Energy. 

i(a)  Oocupatians.  C. 
Y(b)  Organisms.  Loss. 
Ultimate  Partition  of 

Ult     Prod,     and 

Services. 

Territory. 
Movement      (Drans- 

port). 
Death. 

Nil,  Co-ordination,  Ac 
Exploitation,          by 

Storm. 
Death. 
Ejcploitatloo.      Veg. 

Food. 
Destructive  Crime. 
Death. 

Ooenpatloos  C     Dis- 
abled. 

But  such  an  arrangement  of  the  actual  passing  economic  actions, 
though  instructive,  is  quite  insufficient.  As  from  our  system  of 
astronomical  knowledge  it  is  necessary  to  deduce  the  art  of  naviga- 
tion, so  from  our  system  of  sociological  knowledge  we  must  derive 
the  art  of  conduct.  This  want  has  been  thoroughly  felt  by  all  the 
different  economic  schools — so  thoroughly  indeed,  as  to  lead,  as  was 
before  remarked,  to  the  frequent  obscuring  of  the  scientific  object 
altogether.  A  classification  and  criticism  of  the  practical  projects 
of  the  various  schools  should  here  find  place,  if  space  permitted. 
This,  however,  may  for  the  time  being  be  dispensed  with,  since  we 
find  complete  absence  of  unanimity,  individualism  being  opposed 
by  socialism,  free-trade  by  protectionism,  and  so  on.  Thus,  as  we 
have  as  yet  no  criterion  of  morals  or  expediency,  but  simply  our 
knowledge  of  the  preliminary  sciences,  and  since  it  is  not  the 
practice  of  the  preliminary  sciences  to  accept  mere  authority,  such 
opposing  schools  must  for  the  time  being  be  considered  as  neutralis- 
ing each  other. 

What,  then,  is  to  guide  us  in  the  construction  of  rules  of  prac- 
tical economics  ?  Shall  wo  rest  contented  with  such  a  survey  of 
practical  action  as  our  classified  newspaper  affords  as,  and  do  as 
others  do  ?  This  is  an  important  principle  of  action,  as  custom  and 
fashion  bear  witness,  yet  hardly  needs  detailed  exposure  of  its 


*  With  the  limitation  stated  at  page  311,  note  2,  the  reader  may  oontiniM 
this  with  any  jonrnaL  See  also  author's  paper,  Brit  Ass.  1881,  and  *'  Nature," 
29  Sept.  1881,  for  similar  classification  of  anthropological  and  eoonomiopapenL 
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unscientific  character  or  of  the  consequences  into  which  it  might 
lead.  Shall  we  do,  then,  as  others  advise  ?  Much  advice  certainly 
is  current  from  newspapers,  economic  schools,  and  other  quarters ; 
but  such  authority,  however  often  good,  has  already  been  dis- 
missed. We  are  thus  thrown  back  upon  our  scientific  knowledge. 
Why  should  we  not  act  upon  that]  Since  nature  yields  matter 
and  energy,  let  us  utilise  nature,  S'nce  organisms  struggle  for 
existence,  let  us  compete ;  since,  too,  they  join  in  united  action,  let 
us  co-operate.  This  seems  more  hopeful,  and  might  be  largely 
developed  to  furnish  practical  axioms,  tolerably  coincident  on  the 
whole  with  the  majority  of  existing  customs  and  precepts.  Prac- 
tical rules  of  conduct  may  be  made  corresponding,  for  instance,  to 
the  table  of  energy,  counselling  us  to  utilise  tides,  coal,  timber, 
plants,  and  animals.  Yet  if  these  preceding  scientific  grounds  be 
accepted  as  sufficient  for  these  practical  actions,  consistency  demands 
the  similar  utilisation  of  the  organisms  composing  society — that  is 
to  say,  of  our  fellow-men,  as  machines,  food,  &c. ;  courses,  more- 
over, for  which  there  exist  in  many  societies  abundant  precedents, 
both  of  custom  and  of  counsel  Competition,  too,  as  might  easily 
be  shown,  would  lead  us  to  similar  courses  of  action,  and  so  on 
with  the  rest  In  short,  then,  the  development  of  scientific  know- 
ledge into  practical  action  is  in  many  cases  serviceable,  yet  here 
and  there  without  warning  leads  us  into  a  course  where  we  find 
ourselves  confronted  by  a  difficulty  of  a  new  order — the  moral. 

§  29.  How  is  it  that  every  proposed  course  of  action  has  thus  led 
us  into  difficulties  1  Because  we  are  seeking  rules  of  action  without 
having  defined  any  aim  of  action.  As  we  required  axioms  for 
scientific  economies',  so  now  we  require  postulates  for  action,  and 
the  latter  are  readily  derivable  from  the  former ;  thus  from  our  first 
axiom  that  the  society  exists  within  limits  of  space  and  time,  the 
corresponding  postulate  is  evident — let  the  society  exist  within 
limits  of  space  and  time,  while  from  the  second,  third,  and  fourth 
axioms  the  respective  postulates  arise — (2)  let  the  society  consist  of 
living  organisms,  (3)  let  them  seize  the  matter  and  energy  of  sur- 
rounding nature,  (4)  let  them  apply  this  to  the  purposes  of  their 
life,  and  so  on ;  for,  as  it  was  pointed  out,  that  as  our  knowledge  of 
the  nature  of  societies  in  general  and  in  particular  progresses,  new 
Axioms  would  necessarily  be  added  to  the  most  general  ones  with 
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which  we  started,  so  corresponding  postidates  for  action  would  be 
derived  from  these,  for  in  every  art  our  code  of  action  is  the 
necessary  complement  of  our  scientific  knowledge.  This  principle 
of  practical  conduct  must  not  be  mistaken  for  the  principle  last 
criticised,  and  which  was  seen  to  lead  us  into  difficulties,  that  of 
acting  upon  any  portion  of  scientific  knowledge  irrespective  of  its 
importance  to  society ;  this  proposes  the  adaptation  of  our  action  to 
our  whole  knowledge  of  society,  and  the  consequent  infringement 
of  no  axiom,  and  recognises  the  necessary  imperfection  of  such 
action  in  proportion  as  our  knowledge  is  incomplete.  This  most 
highly  abstract  form  of  practical  economics  is  capable  of  develop- 
ment into  detail 

§  30.  But  a  higher  order  of  considerations  than  the  sociological 
came  lately  into  view — ^the  ethical  Eeversing  our  usual  order  and 
beginning  with  the  practical  considerations,  we  recognise  here  as 
before  a  vast  multiplicity  of  actions  in  course  of  actual  performance 
in  each  society,  termed  good  or  bad,  right  or  wrong,  the  application 
and  definition  of  these  terms  differing  somewhat  in  different 
societies  and  schools,  custom  and  counsel  too  differing  as  before. 
An  examination  of  these  actions  to  which  moral  importance  has 
been  assigned,  shows  that  at  least  many,  for  instance  crime, 
remedial  effort,  &c.,  have  already  been  included  in  our  survey  of 
practical  economics,  while  a  reconsideration  of  our  economic  pheno- 
mena shows  that  moral  significance  is  constantly  attached  to 
common  acts,  say  of  commerce  or  husbandry.  The  interesting 
detailed  examination  of  the  economic  aspects  of  actions  commonly 
termed  moral,  and  of  the  moral  aspects  of  actions  commonly  termed 
economic,  which  must  be  left  to  the  reader,  leads  to  the  conclusion 
that  at  least  the  majority  of  the  actions  going  on  in  the  society 
(probably  indeed  all)  possess  both  aspects.  Without  going  so  far, 
if  it  be  granted  that  certain  practical  actions  have  both  economic 
and  ethical  aspects,  it  follows  that  in  these  given  respects  both 
moral  and  economic  action  must  coincide.  For  if  the  action  based 
upon  economic  science  do  not  coincide  with  the  action  based  upon 
ethical  science  (assuming  such  science  to  exist),  it  follows  that 
the  two  sciences  of  sociology  and  ethics  are  not  in  unity ;  and 
inversely,  if  this  denial  of  the  unity  of  science  be  not  made, 
economic  action  must  harmonise  and  coincide  with  moral  action. 
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This  coincidence  of  practical  economics  with  practical  ethics,  of 
economy  with  morality,  being  implied  in  such  common  conceptions  as 
those  of  conduct,  duty,  and  the  like,  and  indeed  in  almost  every 
application  of  these  terms,  and  having  been  often  pointed  out  by 
philosophers  and  moralists  should  need  little  illustration,  were  it 
not  that  the  introduction  into  practice  of  ethical  conceptions, 
^or  various  reasons  of  greater  or  less  cogency,  has  been  proclaimed 
w^lerant  by  not  a  few  political  economists,  of  whom  some  would 
indeed  almost  seem  to  have  believed  in  a  veritable  antagonism  of 
these  two  aspects  of  conduct.  Such  views  of  ethics  and  economics  are 
"*nnonioas  with  that  want  of  relation  to  the  preliminary  sciences 
''eferred  to  in  §  26  as  characteristic  of  such  economists. 

Such  a  comparison  of  the  two  aspects  of  proposed  actions  instead 
^^  l>eing  avoided  should  indeed  invariably  be  adopted.     Since  we  saw 
^'^t  economic  action  should  be  based  upon  scientific  knowledge 
^^^  that  not  fragmentary  but  complete,  and  since  our  sociological 
"^^owledge  is   dangerously  incomplete,  while  action  is  inevitable, 
^^  Xitility  of  the  moral  check  already  referred  to  in  §  28  becomes 
_*^P^rent     When  the  counsel  of  economics  and  of  morals  coincide 
action  may  be  regarded  as  ratified  and  its  grounds  as  verified, 
"^ile  a  discord  between  the  two  must  similarly  be  regarded  as 
eating  that  the  proposed  course  of  action  whether  ethical  or 
^omic  must  be  in  error.     Though  the  course  of  action  proposed 
ethical  grounds  may  sometimes  be  even  more  liable  to  error  than 
^^^   proposed  on  those  of  our  as  yet  so  imperfect  economic  know- 


tHe 


i,  yet  cases  frequently  occur  more  or  less  analogous  to  those 

^n  for  example  in  §  28  in  which  the  former  course  is  to  be 

^t^ted,  its  accompanying  emotional  state  then  serving  as  a  help 

as  a  hindrance. 

S   31.  Having  thus  reached  the  ethical  platform  we  find  a  new 
of  ethical  systems  inviting  study  and  criticism,  but  a  single 
nee  chosen  almost  at  hazard  must  suffice.    If  practical  economic 
On  coincides  with  ethical  action,  our  most  general  principle  of 
^omic  action,  which  we  have  seen  to  be  "  act  upon  postulates," 
a  general  principle  of  ethical  action.     But  this  principle  is 
xitially  similar  to  the  most  abstract  law  of  the  Intellectualist 
m  of  ethics, — the  Categorical  Imperative  of  Kant,— especially 
developed  into  its  individualistic  and  concrete  forms. 
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Bat  such  comparisons  of  the  various  ethical  systems,  however 
interesting,  would  lead  into  ground  for  unnecessary  controversy. 
The  object  of  the  present  paper,  probably  the  first  which  has 
attempted  to  organise  the  whole  body  of  our  recorded  social  know- 
ledge into  a  form  presentable  to  the  cultivators  of  the  preliminar}' 
sciences,  will  have  been  sufficiently  gained  if  the  unity  and  continuity 
of  these,  with  the  social  and  moral  sciences,  has  been  made  in  Aome 
respects  clearer  than  heretofore,  and  if  the  mode  of  treatment  and 
arrangement  of  the  facts  of  social  science  therein  proposed  be  ad- 
mitted as  satisfactory  and  serviceable. 
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PreridenL 
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Professor  Turner. 
Professor  Crum  Brown. 

Treasurer, — A  Gillies  Smith,  C.A. 

Curtiior  of  Library  and  Museum — Alexander  Buohan,  M.  A. 

Councillors, 


Profeflsor  Campbell  Fraser. 

Professor  Oeikis. 

Rev.  Dr.  Cazenove. 

Datid  Stevsnbon,  M.Iiist.C.E. 
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Rev.  Professor  Duns. 
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By  a  Resolution  of  the  Society  (19th  January  1880)  the  following  Hon. 
Vice-Presideiits,  having  filled  the  office  of  President,  are  also  Memhers  of  the 
Coancil : — 

His  Grace  the  DUKE  of  ARGYLL,  K.T.,  D.C.L. 
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Monday,  5th  December  1881. 

The  Eight  Hon.  LOED  MONCEEIFF,  President, 

in  the  Chair.  • 

The  President  read  Obituary  Notices  of  Dr  John  HilL 
Burton,  Eev.  Dr  Gumming,  Dr  P.  D.  Handyside,  Profesaorr 
Sanders,  Dr  Andrew  Wood — deceased  Fellows  of  the  Society. 

OBITUAEY  NOTICES. 

John  Hill  Burton.    By  James  Gordon,  Asst.  Librarian. 

John  Hill  Burton,  one  of  the  most  eminent  men  of  letters  that 
Scotland  has  produced,  was  born  on  the  22nd  of  August  1809,  at 
Aberdeen.  While  he  was  still  young,  his  father,  an  officer  in  the 
94th  regiment,  died ;  but  his  mother,  who  was  the  daughter  of  an 
Aberdeenshire  laird,  though  left,  on  her  husband's  decease,  with 
very  slender  means,  successfully  exerted  herself  to  give  her  children 
an  education  befitting  their  social  position.  He  had  the  advantage 
of  being  taught  by  Melvin,  the  famous  scholar  and  schoolmaster ; 
and  on  leaving  school,  continued  his  studies  at  Marischal  CoU^. 
He  ever  afterwards  gratefully  acknowledged  his  obligations  to  his 
Alma  Mater.  In  the  course  of  his  education  at  Aberdeen,  he  laid 
the  foundations  of  that  extensive  aquaintance  with  English  litera- 
ture for  which  he  was  afterwards  so  notable,  and  also  acquired  a 
familiar  knowledge  of  the  Latin  language.  Sir  Theodore  Martin 
mentions  that  Burton  used  always  to  carry  about  with  him  in  his 
pocket  a  small  edition  of  Horace.  Among  his  associates  at  school 
and  college  were  several  young  men  afterwards  destined  to  distin- 
guish themselves  by  their  contributions  to  the  history  of  their 
country,  and  whose  predilections  for  this  department  of  liteiature 
doubtless  influenced  his  future  literary  career.  These  fellow- 
students  were,  Joseph  Robertson,  the  historical  antiquary ;  Dr  John 
Stuart,  the  author  of  the  splendid  volume  The  Sculptured  Siane* 
of  Scotland;  Canon  Robertson,  the  ecclesiastical  historian;  Dr 
Grub,  the  author  of  the  Ecclesiastical  History  of  Scotland;  Profeaaor 
Cosmu  Innes;  and  Dr  John  Gumming,  of  whom  an  obituary  notice 
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^  be  read  to-night.  In  conjunction  with  some  of  these,  Barton, 
▼bile  still  at  college,  contributed  several  articles  to  the  Aberdeen 
Magazine, 

At  the  close  of  his  college  career  he  took  the  degree  of  M.A.,  and 

^^  apprenticed  to  a  soKcitor  in  his  native  town.     Conscious, 

however,  of  an  ability  for  higher  work  than  the  drudgery  of  a 

provincial  solicitor's  office,  he  resolved  to  abandon  it  for  the  higher 

grade  of  the  legal  profession,  and  was  admitted  to  the  Scottish  bar 

in    1831.     It  was  fortunate  for  the  prosecution  of  his  plans  of 

extensive  study  that  he  now  settled  in  Edinburgh,  and  was  only  a 

^tor  to  the  great  metropolis  of  the  south,  for  had  he  resided 

ponnanently  there,  his  experience  might  have  been  like  that  of 

^hop  Thirlwall,  who  said  that  the  want  of  time  for  reading  is  the 

S'oat  misery  of  London  life.     As  an  advocate,  Burton  never  got 

P'^ctice,  but  he  wrote  two  legal  works  of  value  in  their  day,  one 

^^  -Bankruptcy^  and  the  other  a  Manual  of  the  Law  of  Scotland^ 

^hO«t  his  legal  training  and  knowledge  were  of  immense  use  to 

**^*X4  in  his  historical  works. 

In  1833  he  began  to  contribute  articles  to  the  Westminster^  and 
^**^»iraids  to  the  Edinburgh  and  North  British  Reviews.     During 
^^^^tii  years  he  wrote  numerous  articles — ^literary,  antiquarian,  and 
Pographical — ^f  or  Blackwood's  Magazine. 

-^xirton's  contributions  to  literature  are  too  many  and  varied  to 
~^    ^Domerated  here,  but  it  should  be  noted  as  an  epoch  in  his 


r,  that  in  1846  he  made  his  first  appearance  in  independent 

^^^^lU)i8hip,   when  he  published  his   Life  and   Correspondence  of 

\^^^  Hume,     This  is  universally  admitted  to  be  one  of  the  best 

iphies  ever  written.     In  this  work  details  of  much  literary 

antiquarian  interest,  calculated  to  throw  light  on  the  career  of 

^^   great  Scottish  philosopher,  are  gleaned  fix)m  sources  multi- 

^^^ixious  and  recondite,  and  evince  such  a  profound  and  extensive 

^^Oaintance  with  the  literature  of  the  last  century,  as  only  one 

bo  was  not  merely  a  book-hunter,  but  an  indefatigable  reader  of 

^^ks,  could  have  brought  to  bear  on  the  subject.     Noticeable, 

^  is  his  little  work,  published  in  1849,  entitled   Political  and 


Economy  :  its  Practical  Application,  which  is  considered  to 
^^  lemaxkable,  not  only  for  the  soundness  of  its  teaching,  but  for 
^W  grace  of  its  style. 
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His  appointment  in  1854  as  Secretary  of  the  Scottish  Prison 
Board  gave  him  a  secure  income,  independent  of  literature,  and  he 
faithfully  discharged  the  duties  of  that  office,  which  were  some- 
what lessened  in  1860,  when  the  chief  control  of  priaons  in  Scot- 
land was  assumed  by  the  Home  Office.  In  1877  he  resigned  the 
secretaryship,  but  continued  his  connection  with  this  department 
as  a  commissioner  of  prisons  till  his  death.  He  was  accustomed 
to  lay  stress  on  the  advantage  a  historian  derives  from  acquaintance 
with  the  machinery  of  government,  and  the  conduct  of  affairs  in 
the  present,  as  enabling  him  to  judge  more  fairly  of  institutions  and 
men  of  the  past. 

He  commenced  his  History  of  Scotland  by  the  publication  in 
1853  of  two  volumes,  treating  of  the  period  from  1688  to  1748, 
and  completed  it  by  seven  volumes  from  Agricola's  invasion  to 
1688.  Of  this  work  an  anonymous  biographer  says — "  The  History 
of  Scotland  is  undoubtedly  the  work  that  will  carry  Hill  Burton's 
name  to  posterity.  At  the  present  day  it  is  recognised  as  pre- 
eminently the  history  of  Scotland,  and  it  is  one  of  the  few  books 
of  the  multitude  which  this  age  has  produced  which  are  likely  to 
live  by  reason  of  their  enduring  merit  He  investigated  every 
point  for  himself,  and  his  HiMory  is  therefore  the  result  of  a  vast 
amount  of  patient  and  honest  work.  He  possessed  in  a  rare  degree 
the  historian's  faculty — the  power,  that  is  to  say,  which  leads  the 
student  of  men  and  events  to  seize  as  if  by  an  intuition  on  those 
features  of  character  and  those  currents  of  opinion  which  stamp  an 
epoch  and  the  men  who  moulded  it"  Professor  .^Sneas  Mackay 
thus  refers  to  it : — ''In  this  History  he  has  given  us,  in  a  sober  style, 
an  eminently  plain  and  truthful  account  of  the  main  facts  in  the 
career  of  a  nation  which,  in  spite  of  the  smaJlness  of  its  territory, 
preserved  its  independence,  and  when  permanently  united  to 
England,  contributed  some  new  and  valuable  elements  to  the 
British  character.''  He  was  appointed  by  the  Govemment 
Historiographer-royal  for  Scotland. 

His  History  of  the  Reign  of  Queen  Anne,  recently  published, 
though  possessing  great  merit,  is  considered  to  be  a  less  successful 
effort  than  his  History  of  Scotland. 

The  Scot  Abroad  and  The  Book-hunter  have  both  been  wety^ 
popular.     Indeed  the  latter  could  not  but  be  popular,  aboundin^^ 


of  Edt7iburgh,  Session  1881-82.  327 

u   it    does    in   interesting  notices    of    curious  books  and   their 

collectors.      It  teUs,   in  a    pleasant   and    graceful   style,   of   the 

characteristics,  it  may  possibly  be  the  blunders,  that  have  made 

certain  editions    prized   by  collectors — for   even    certain   editions 

of  the  Bible    have  been    largely  increased    in    value    by  some 

strange  accidental  error  of  the  printer.     In  short,  it  is  a  thesaurus 

of  the  curiosities  of  bibliography,  and  of  the  eccentricities  of  biblio- 

niauiacs.     It  has  long  been  out  of  print,  but  a  new  edition  will 

sbortly  appear,  which  will  contain  a  memoir  of  the  author  written 

by  Mrs.  Hill  Burton. 

The  following  allusions  to  his  personal  habits  may  not  be  unin- 

^Sfesting.     It  is  stated  by  those  who  knew  him  that  in  pedestrian 

^urdons  he  had  walked  over  the  greater  part  of  Scotland,  and  as 

k  was  a  geologist  as  well  as  an  antiquary  and   a  lover  of  the 

pwjtuieaque,  he  found  varied  sources  of  interest  in  the  course  of  his 

'•nibles.     His  library  did  not  mean  a  particular  room ;  it  wandered 

^"^^  his  whole  house.     The  principal  rooms  were  all  filled  or 

^▼eied  with  books.     The  shelves  were  put  up  with  his  own  hands, 

*^  the  books  were  so  arranged  that  he  knew  where  to  find  any  of 

"^m  even  in  the  dark.     He  used  to  mention  that  the  pecuniary 

^Ue  of  the  works  he  had  received  as  presents  from  contemporary 

^^hon  amounted  to  upwards  of  £400,  and  this  is  a  proof  that  he 

^^  on  the  most  friendly  terms  with  other  Kterary  men. 

One  who   knew  him   well  says, — "  He   was   very   hospitably 

^'^ned,  and  very  kind  of  heart,  although  his  blunt  manner  often 

''Oiiged  him  in  the  eyes  of  strangers.     His  varied  knowledge,  his 

^d  of  anecdote,  and  his  quaint  humour  made  him  a  delightful 

*****ipanion."      More  than  most  hardworking  men,  he  felt  a  positive 

P^^asore  in  his  unceasing  intellectual  activity,  and  like  our  former 

P*^8ident,  Sir  Walter  Scott,  considered  "  the  capacity  to  labour  as 

P^  of  the  happiness  he  had  enjoyed.''    It  was  doubtless  owing  to 

^  peculiarity  of  temperament  that  to  the  last  he  preserved  much 

^  the  freshness  of  youth,  as  evinced  by  an  unfailing  buoyancy  of 

■pint,  and  the  lively  intellectual  interest  he  took  in  a  vast  variety 

w  lubjects;  for  as  Burton's  friend.  Sir  Theodore  Martin,  observed  in 

^  lectorial  address  at  St  Andrews — "  It  is  no  paradox  to  say  that 

*"^  is  nothing  like  work  for  maintaining  the  elasticity  of  mind, 

•^preparing  it  for  what  we  should  all  aim  at— the  carrying  on 
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the  spirit  of  youth,  the  freshness  of  enjoyment  into  riper  years,  and 
even  into  old  age." 

He  was  elected  a  Fellow  of  this  Society  on  Ist  February  1847, 
and  was  also  a  member  of  the  Greological  and  Antiquarian  Societies. 
He  received  the  degree  of  LL.D.  from  the  University  of  Aberdeen. 
He  was  also  a  D.C.L.  of  Oxford.  He  died  on  10th  August  1881, 
at  Morton  House^  near  Edinburgh. 


Rev.  John  Gumming,  D.D.    By  the  Eev.  Professor  Flint 

The  Rev.  Dr.  John  Cummino,  who  died  at  Chiswick  on  the  4th 
of  last  July,  was  elected  a  Fellow  of  this  Society  on  2 Ist  February 
1853.  The  deceased  was  bom  in  Aberdeen  on  10th  November  1810. 
He  was  educated  in  the  Grammar  School  of  his  native  city,  and 
afterwards  in  King's  Gollege,  of  which  he  became  a  graduate. 

At  the  early  age  of  twenty-three  he  was  called  to  the  pastorate 
of  the  Scottish  Church,  Crown  Court,  Covent  Garden,  London,  and 
the  duties  of  this  office  he  discharged  for  almost  fifty  years. 
The  attractiveness  of  his  preaching,  his  zealous  opposition  to 
Roman  Catholicism,  High  Churchism,  and  Rationalism,  and  the  popu- 
larity of  the  religious  writings  which  flowed  in  rapid  succession 
from  his  pen,  not  only  gathered  round  him  a  large  and  influential 
congregation,  but  gained  him  a  multitude  of  admirers  in  all  parts 
of  the  kingdom  ;  while,  at  a  somewhat  later  period,  the  definiteness 
and  singularity  of  the  conclusions  to  which  he  was  led  by  his 
study  of  prophecy  made  him,  perhaps,  more  talked  about  than  any 
other  man  in  the  clerical  world. 

The  Hammersmith  discussion  of  1839  showed  his  readiness  and 
skill  in  public  debate.  As  early  as  1840,  in  the  preface  to  his 
edition  of  John  Knox's  Book  of  Common  Order,  he  advocated 
nearly  the  same  changes  in  the  public  worship  of  the  Church  of 
Scotland  for  which  Dr.  Robert  Lee  contended  in  Presbytery  and 
Assembly  about  twenty  years  later.  It  was  about  1846  that  ho 
began  to  attempt  to  unfold  the  course  of  unf ulfiUed  prophecy,  and 
from  about  1860  that  his  interpretations  became  startHngly  definite 
and  particular.  The  year  1868  was  fixed  on  as  that  in  which  very 
marvellous  events  were  to  occur.  It  was  not  an  uneventful  year» 
yet  when  Dr.  Gumming  sought  to  show  in  1870  that  every  inddeni^ 
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foretold  as  then  to  happen  had  actually  taken  place,  the  taak 
was  generally  recognised  to  he  one  of  hopeless  difficulty.  Even 
should  it  he  thought,  however,  that  he  was  not  very  successful 
in  his  apocalyptic  researches,  the  memhers  of  the  Royal 
Society  cannot  need  to  he  reminded  that  in  the  same  department 
of  investigation  Sir  Isaac  Newton  himself  somewhat  signally  failed. 

Dr.  Cumming's  puhlications  were  very  numerous,  and  several  of 
tbem  passed  through  many  editions  and  were  very  widely  read. 
They  may  be  distributed  into  three  classes : — (1)  Works  of  practi- 
cal religious  edification — such  as  those  entitled  Daily  Life,  Voices 
0/  the  Night,  Sabbath  Mourning  Readings,  &c. ;  (2)  Controversial 
Works— of  which  the  Hammersmith  Discussion  and  the  Popular 
^ures  on  Essays  and  Reviews  may  be  mentioned  as  examples ;  and 
(3)  Works  on  Prophecy  —  such  as  the  Apocalyptic  Sketches  of 
^W7,  48,  and  49,  and  The  Great  Tribulation,  Redemption  draweth 
^igh,  and  Seventh  Vial,  of  a  later  period. 

Dc  Gumming  found  relaxation  and  pleasure  in  tending  bees, 
uid  was  the  author  of  the  letters  on  apiculture,  signed  "  Bee- 
^^^Btet,"  which  appeared  in  the  Tim£s, 

Upwards  of  two  years  before  his  death,  his  powers  of  mind  and 

^y  began  perceptibly  to  fail,  and  even  before  there  were  any  signs 

<)f  waning  vigour,  fashion  and  popularity  had  gone  to  flatter  others ; 

hat  the  announcement  of  his  decease  must  have  carried  sadness  to 

inuiy,  as  they  remembered  the  conspicuousness  of  the  position 

^hich  he  had  long  held,  the  abundance  of  his  labours  and  the 

Altitude  of  his  works,  the  charm  of  his  speech  and  the  popularity 

of  his  writings,  his  bold  and  tenacious  advocacy  of  his  convictions, 

^  hit  amiable  and  estimable  personal  qualitie& 


Dr.  p.  D.  Handysidk    By  Dr.  J.  H.  Balfour,  F.E.S. 

J^ttER  David  Handtsidb  was  bom  on  26th  October  1808.  He 
^  the  son  of  William  Handyside,  Writer  to  the  Signet  in 
^hnrgh.  He  died  on  21st  February  1881,  at  16  Lansdowne 
^'CBoent,  Edinburgh,  after  a  lengthened  illnesa 

He  was  educated  in  Edinburgh,  and  took  his  degree  in  medicine 
^  the  University  of  Edinburgh  in  1831.  He  was  a  distinguished 
*^t,  as  is  evinced  by  the  fact  that  he  was  elected  Senior  Presi- 
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dent  of  the  Eoyal  Medical  Society,   and  also  that  he   was   a 
Medallist  of  the  Harveian  Society. 

Having  been  an  apprentice  of  Mr.  Syme,  the  eminent  surgeon, 
his  attention  became  specially  devoted  to  the  study  of  anatomy 
and  surgery.  After  getting  his  medical  degree  he  prosecuted  his 
anatomical  studies  for  a  time  in  Paris,  and  in  Heidelberg  under 
Tiedeman.  On  his  return  to  Edinburgh  in  1833,  he  was  admitted 
to  the  Fellowship  of  the  Boyal  College  of  Surgeons  of  Edinburgh, 
after  undergoing  two  public  examinations,  and  submitting  a 
probationary  essay  on  *'  Osteo-Aneurism,'*  which  was  published  and 
circulated.  In  the  session  1833-34  he  commenced  a  course  of 
lectures  on  anatomy  at  4  Surgeons'  Square,  Edinbuigh,  and 
became  a  popular  and  successful  teacher.  About  six  years 
afterwards  he  became  one  of  the  surgeons  in  the  Edinburgh 
Boyal  Infirmary.  He  was  deeply  impressed  with  the  relation 
between  anatomy  and  surgery,  and  in  the  summer  session  he  gave  a 
full  course  of  operative  surgery.  At  this  time  he  commenced  a 
course  of  lectures  on  surgery  at  No.  1  Surgeons'  Square,  and  gave 
up  his  lectures  on  anatomy. 

A  vacancy  having  occurred  in  the  chair  of  General  Pathology 
by  the  resignation  of  Dr  Thomson,  Dr  Handyside  became  a 
candidate,  but  was  not  successful  In  1842  a  vacancy  occuned 
in  the  chair  of  Surgery  by  the  sudden  death  of  Sir  Charles  Bell, 
and  Dr  Handyside  came  forward  as  a  candidata  The  vacancy, 
however,  was  filled  up  by  the  election  of  Mr  James  Miller.  Dr 
Handyside  considered  that  extra-mural  teaching  on  this  subject 
would  be  much  affected  thereby,  he  therefore  recommenced  his 
lectures  on  anatomy,  and,  along  with  Mr  Spence  and  Dr 
Lonsdale,  took  up  the  School  of  Anatomy  in  Surgeons'  Square^ 
vacated  by  the  recent  appointment  of  Dr  AUen  Thomson  to  the 
chair  of  the  Institutes  of  Medicine  in  the  University.  This  school 
easily  took  the  lead  among  the  other  schools  of  anatomy  in  Edin- 
burgL  The  appointment  of  Mr  John  Goodsir  to  the  chair  of! 
Anatomy  in  the  University  on  the  retirement  of  the  third  Monro  i 
1846,  altered  very  considerably  the  circumstances  of  the  Extn^? 
mural  School,  and  after  conducting  a  class  during  the 
1846-47,  Dr  Handyside  relinquished  anatomical  teaching, 
devoted  himself  entirely  to  his  medical  practica 
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Unfortimately  Dr  Handjside's  health  gave  way  under  the  strain 
of  his  practice,  and  he  was  forced  to  go  abroad  for  rest  and 
change.  In  1863,  however,  on  the  appointment  of  Dr  Stmthera 
to  the  chair  of  Anatomy  in  Aberdeen,  he  was  persuaded  to 
nsome  his  anatomical  teaching  at  Surgeons'  Hall,  and  he  continued 
to  conduct  his  class  there  until  within  a  few  weeks  of  his  deatL 

Dr  Handyside  was  clear  and    emphatic    as    a    lecturer,    and 

possessed  this  esteem  and  respect  of  his  students,  to  whom  he  was 

ever  most  attentive  and  courteous.     He  was  an  excellent  draughta* 

man,  a  most  important  talent  for  an  anatomical  teacher.     He  was 

SQigeon  to  the  Edinburgh  hospital  for  four  years,  and  was  a  clinical 

lecturer  there.     He  performed  some  most  skilful  operations,  of 

some  of    which   accounts  were   published.     Dr  Handyside  was 

elected  a  Fellow  of  the  Koyal  Society  of  Edinburgh  on   20th 

February  1847. 

Dr  Handyside  was  intimately  connected  with  the  Edinbuigh 
Medical  Missionary  Society  from  the  first  year  of  its  existence,  and 
l^e  was  for  forty  years  on  its  committee  or  on  the  board  of  its 
^vectors.  He  himself  opened  and  conducted  for  some  years  a 
dispensary  on  medical  mission  principles  at  Main  Point,  between 
West  Port  and  Lauriston.  Much  good  work  was  done,  and  Dr 
^dyside  exercised  a  most  wholesome  moral  and  religious 
^uenceover  the  students  whom  he  gathered  round  him  there, 
b  1858  Dr  Handyside  transferred  this  private  dispensary  to  39 
^gate,  and  it  was  three  years  afterwards  formally  adopted  by 
^  directora  of  the  Edinburgh  Medical  Missionary  Society. 

He  devoted  much  attention  to  Comparative  Anatomy,  and  was 
P^'^icularly  interested  in  the  structure  of  fishes.  In  connection 
^  this  subject  he  contributed  to  our  Proceedings  in  1873  a 
l*Pw  "On  the  Anatomy  of  a  new  species  of  Polyodon  (P.  Gladius, 
'^(xrtens) ;  "*  and  he  resumed  the  subject  in  a  continuation  of  the 
^^e  paper  in  1878.  In  these  contributions  he  gave  an  anato- 
'^  description  of  the  respiratory,  circulatory,  and  pneumatic 
"y^^^OBs  in  this  remarkable  fish,  and  also  noticed  shortly  its 
^l^i&flntaiy  and  other  viscera.  He  proposed,  in  a  further  continua- 
^  of  the  paper,  to  give  an  account  of  its  articular  system  and 
^'^^keleton,  but  unfortunately  did  not  live  to  overtake  this  part 
'^^fte  subject 
^OL  XL  2  Ti 
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In  1869  he  contributed  a  paper  to  our  Proceedings,  "On 
Traces  in  the  Adult  Heart  of  its  Transitions  in  form  during  Foetal 
Life."* 

He  also  contributed  to  the  Edinburgh  New  PhilaeopMcal  Journal f\ 
*^  A  History  of  the  Stemoptixinse,  a  family  of  the  Osseous  Fishes, 
and  their  anatomical  peculiarities,  with  a  description  of  the  S. 
eelehesJ' 

In  the  Edinburgh  Medical  and  Surgical  Journal,  he  wrote  an 
'*  Account  of  a  case  of  Hermaphrodism.^ 

He  published  in  the  Journal  of  Anatomy, %  "  A  Notice  of 
Quadruple  Mammas — the  lower  two  rudimentary — in  two  adult 
Brothers."  § 

The  following  is  also  a  list  of  other  articles  published  by  Dr 
Handyside  as  reported  by  Professor  Struthers  in  his  biographi- 
cal notice  in  the  Edinburgh  Medical  Journal : — 

Cases    in*  Surgery,    including     Necrosis    of    the    Thigh    Bone 

{London  and  Edinburgh  Monthly  Journal  of  Medical  Science, 

1845). 
Spasmodic  Affections  of  the  Larynx,  including  a  case  in  which 

Tracheotomy  was  performed  through  a  Brouchocele. 
Amputation  at  the  Hip-Joint,  with  Figures  of  the  Tumour  and 

Stump. 
Caries  of  the  Tarsus  and  the  Ankle-Joint,  in  which  is  described 

and  figured  a  method  of  performing  Syme's  Amputation  at  the 

Ankle  by  antero-lateral  flaps. 
Outlines  of  Anatomy. 

Engravings  and  Description  of  the  Blood-Vessels. 
Experimental  Essay  on  Venous  and  Lymphatic  absorbent  Systems. 
Theory  of  Death  from  Air  admitted  into  the  Veina 
Encephalocele. 
Acrania. 
Cyclo-cephalian  Form  of  the  Etmocephaloids. 

♦  Proceedings  of  the  Royal  Society  of  Edinburgh,  vol.  viiL  pp.  [MMil,  18( 
37  ;  vol.  ix.  p.  660. 
t  Vol.  vi  499. 
t  Vol.  xxvil  pp.  824-331. 
§  Vol.  vii.  pp.  66-69. 
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Subarachnoid  Serous  Sac. 
Arrested  Liver  Development. 

{Edinburgh  Medical  Journal  1866  and  1869.) 
Hypospadia  with   Cleft    Scrotum    (Edinbiirgh   Medical    JoumcU 
1873). 


Professor  Sanders.    By  Professor  T.  E.  Fraser. 

William  Rutherford  Sanders  was  born  in  Edinburgh  on  the 
nth  of  February  1828.  His  father  was  a  medical  practitioner 
wbofle  name  is  associated  with  a  valuable  and  extensive  series  of 
obseryations  on  the  action  of  digitalis.  He  received  a  portion  of 
ius  general  education  at  the  High  School  of  Edinburgh,  under  the 
l&te  Dr.  Bryce,  and  completed  his  classical  and  literary  training  at 
the  University  of  Montpellier,  where  he  graduated  with  distinction 
as  Bachelor  in  Letters  in  1844.  Soon  afterwards  he  returned  to 
Scotland,  and  in  the  winter  of  1845  he  began  his  medical  studies 
in  the  University  of  Edinburgh. 

Even  at  this  early  period  the  characteristics  which  diBtinguiahed 
Wilhaia  Sanders  at  a  later  period  of  his  life  were  manifested.  He 
^voted  himself  to  his  work,  taking  a  leading  part,  for  example,  in 
^  debates  of  the  Royal  Medical  Society,  which  led  to  his  being 
*^®cted  a  President  of  the  Society  in  1848.  He  also  found  time 
<iniing  his  studies  to  engage  in  an  investigation  on  the  structure 
<)i  the  spleen,  the  results  of  which  were  presented  as  a  thesis, 
^hen  he  graduated  as  Doctor  of  Medicine  in  1849,  and  obtained 
'Or  him  the  reward  of  a  gold  medal.  This  thesis  was  published  in 
^^^^odaur's  Annals  of  Anatomy  and  Physiology,  and  has  since 
'^^i^ined  an  authoritative  position  in  medical  literature.  It  con- 
*^tated  the  foundation  of  other  and  subsequent  researches,  which 
^^^  led  to  the  association  of  his  name  with  those  of  Gairdner 
^  Virchow  in  the  first  descriptions  of  the  now  well-known  waxy 
^  ftmyloid  process  of  degeneration. 

^<Hni  after  his  graduation  in  medicine,  Dr  Sanders  proceeded 
^  Paris  and  Heidelberg  for  the  purpose  of  acquiring,  under 
^direction  of  distinguished  teachers,  as  thorough  a  training  as 
P^hle  in  the  most  advanced  methods  of  investigation  in  patho- 
*W  and  microscopic  anatomy.     On  his  return  to  Edinburgh  he 
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applied  himself  diligently  to  pathological  aud  clinical  work,  hold- 
ing for  a  short  time  the  interim  appointment  of  Pathologist  to 
the  Eoyal  Infirmary,  and  engaging  with  much  success  in  tutorial 
instruction  in  connection  with  the  University  class  of  clinical 
medicine. 

In  1851  and  1852  two  papers  worthy  of  note  were  puhlished  hy 
him.  In  the  first  he  summarised  the  valuahle  lahours  of  Claude 
Bernard  on  the  production  of  sugar  in  the  liver  of  man  and 
ftpiTnft1« ;  and  in  the  second  he  gave  a  description  of  the  speculum 
invented  by  Helmholtz  for  examining  the  fundus  of  the  eye,  thereby 
introducing  into  Britain  an  instrument  which  has  now  become 
indispensable  for  the  diagnosis  of  diseases  of  the  eye. 

The  conservatorship  of  the  museum  of  the  Eoyal  College  of 
Surgeons  having  become  vacant,  Dr.  Sanders  was  in  1853  appointed 
to  this  office,  and  during  his  tenure,  extending  from  this  time  to  the 
date  of  his  appointment  to  the  chair  of  General  Pathology  in  the 
University  (1869),  he  amply  vindicated  the  wisdom  of  his  selection 
by  his  devotion  to  the  interests  of  the  museum,  his  industrious 
study  of  the  valuable  means  of  pathological  training  which  it 
affords,  and  his  efforts  to  render  these  means  available  for  the 
education  of  the  students  and  practitioners  of  Edinburgh  by  a  series 
of  demonstrations  and  lectures,  which  met  with  much  success. 

In  1855  he  added  to  his  other  duties  that  of  a  lecturer  on  the 
Institutes  of  Medicine  in  the  Extra- Academical  School;  and  in 
1861  he  began,  as  physician  to  the  Eoyal  Infirmary,  a  course  of 
instruction  in  clinical  medicine  which  formed  a  material  foundation 
for  his  after  success  as  a  great  physician.  The  writer  of  this  notice 
well  remembers  the  many  evidences  which  Dr.  Sanders  gave,  even 
during  the  first  years  of  his  hospital  work,  of  indomitable  persever- 
ance and  determination  to  spare  no  trouble  in  ascertaining  to  the 
utmost  of  his  power  the  exact  condition  of  the  maladies  of  his 
patients.  His  time  and  thoughts  were  ungrudgingly  bestowed  upon 
his  cases,  and  for  several  years  it  was  his  custom  to  spend  from  two 
to  three  hours  daily  in  the  wards  of  the  hospital  Among  other' 
results  of  this  devotion  to  bedside  observation,  he  acquired  material^v 
for  communications  to  the  literature  of  practical  medicine;  anc 
from  the  time  of  his  appointment  to  the  hospital  his  publishi 
papers  rapidly  grew   in   number,   and   included  many  importaz3B.i 
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papers  and  monographs,  such  as  those  on  coalminers'  phthisis,  on 
Addison's  disease,  on  several  forms  of  diseases  of  the  nervous 
system,  and  on  diseases  of  the  heart  and  kidneys.  The  greater 
namber  of  these  publications  appeared  in  the  Edinburgh  Medical 
Journal^  with  which  he  was  officially  connected  as  joint-editor  from 
1859  to  1861,  and  as  sole-editor  from  1866  to  1869. 

Br.  Sanders  had  now  acquired  a  liigh  reputation  as  a  scientific 

observer  and  a  physician,  and  on  the  chair  of  General  Pathology 

in  the  University  becoming  vacant  by  the  resignation  of  Professor 

Henderson  in  1869,  his  acknowledged  eminence  as  a  pathologist 

secured  for  him  the  appointment.     He  entered  upon  the  duties  of 

liis  new  office  with  the  same  spirit  as  had  characterised  all  his  other 

undertakings.     He  determined,  in  the  first  place,  that  his  teaching 

shoidd  be  thorough.      His  great  anxiety  was  that  he  should  place 

liefore  his  students  such  an  account   of  his  subject  as  would 

^eqnately  represent  every  important  doctrine  and  fact,  and  he 

spued  no  trouble  in  collecting  from  all  sources  the  materials  that 

^eie  required  for  this  object     His  previous  training  in  scientific 

observation  and  in  teaching  had  placed  him  in  an  advantageous 

lotion  for  ensuring  succesa      His  knowledge  was  great,  his  judg- 

iQent  and  critical  genius  well-balanced,  and  the  familiarity  resulting 

^m  long  experience  had  enabled  him  to  overcome  a  diffidence 

^)uch  was    natural   to  him,    and    to    impart   to    his  lectures  a 

^^on  in  statement  and  earnestness    in    manner  which   were 

Peculiarly  attractive  to  his  hearers. 

On  lus  appointment  to  the  professorship  of  General  Pathology  he 
^^fed  from  the  office  of  Ordinary  Physician  to  the  Royal  Infirmary, 
^t  continued  the  teaching  of  clinical  medicine  in  the  wards  of  the 
''^^^finnary  assigned  for  this  purpose  to  the  University.     The  medical 
^'^l  of  the  University  had  already  entered  upon  that  course  of 
^^pid  growth   and  reviving  importance  which  has  been  uninter- 
ruptedly maintained  to  the  present  time ;  and  although  the  teaching 
^f  medicine  in  its  most  practical  aspect  was  then  in  the  hands  of 
^^^leh  masters  as  Bennett  and  Laycock,  the  accession  of  Dr.  Sanders 
^^'^OTed  of  the  greatest  value.     Afterwards,  when  the  failing  health 
^^  bis  colleagues  interfered  with  their  sharing  in  the  work  of  clinical 
^^*cbing,  the  value  of  his  ripe  experience  as  a  teacher  became  the  more 
apparent    For  a  time,  indeed,  the  entire  responsibility  of  conduct- 
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ing  the  University  class  of  clinical  medicine  devolved  upon  him ; 
and  then,  as  well  as  during  the  whole  time  that  he  acted  as  a 
clinical  teacher,  he  amply  sustained  the  reputation  he  had  acquired 
before  his  appointment  in  the  University.  Recollecting  the  difficul- 
ties which  he  had  been  led  to  appreciate  while  he  acted  as  a  clinical 
tutor  in  the  earlier  years  of  his  professional  life,  he  introduced  a 
class  of  tutorial  instruction,  for  the  purpose  of  ensuring  that  his 
students  should  have  an  opportunity  of  acquiring  a  fundamental 
training  in  the  elements  of  medical  diagnosLS,  without  which  that 
thoroughness  of  teaching  which  he  always  aimed  at  could  not  be 
effected. 

An  earnest  wish  that  his  students  should  also  be  thoroughly  trained 
in  pathology,  led  to  his  adopting  the  system  of  practical  teach- 
ing in  connection  with  his  lectures  on  that  subject  In  the  first 
session  of  his  professorship  he  instituted  practical  classes,  where 
students  were  trained  to  observe  for  themselves  the  naked-eye  and 
microscopic  characters  of  morbid  conditions,  of  which  they  could 
acquire  only  a  superficial  knowledge  in  the  lecture-room.  The  ad- 
vantages of  tins  training  were  soon  so  highly  appreciated  that  the 
practical  classes  were  attended  not  only  by  the  greater  number  of  his 
students,  but  also  by  many  graduates. 

Thoroughness  in  teaching,  thoroughness  in  all  the  work  he  unde^ 
took,  was,  indeed,  one  of  the  most  prominent  traits  of  Dr  Sanders' 
character.     It  gained  for  him  the  confidence  of  his  students.     It 
gained  for  him  also  the  confidence  of  his  fellow  practitioners ;  and 
when,  in  the  course  of  time,  the  opportunity  was  given  to  him  for 
entering  upon  consultation  practice,  he  reaped  the  advantages  of  te 
well-merited  confidence  by  quickly  attaining  a  foremost  position  i] 
this  country  as  a  consulting  physician.     And  here  the  writer  of 
notice  would  venture  to  quote  a  passage  written  by  one  who 
long  associated  with  Dr  Sanders  in  professional    and    pezeoni^B 
interests,  and  whose  recognised  authority  as  an  eminent  phyi 
lends  a  peculiar  value  to  his  opinion : — "  One  important  aspect 
Dr.  Sanders'  precept  and  example  as  a  teacher  deserves  a  woid 
notice.     He  was  entirely  superior  throughout  to  the  affectation 
often  leads  men  aiming  at  eminence  as  practitioners  to  speak 
paragiogly  of  the  science  of  medicine  as  opposed  to  the  ari  .  . 
Dr.  Sanders'  first  care  as  Professor  of  General  Pathology  was  U^ 


of  Edinburgh,  Session  1881-82.  337 

that  bis  studentB  had  the  opportanities  and  guidance  necessary  for 
secunng  an  amp}e  basis  of  demonstrated  fact,  on  which,  in  dae 
time,  a  superstmctuie  of  pathological  science  might  be  erected ;  and 
his  latest  as  well  as  his  earliest  work  bears  testimony  to  the  promi- 
nence in  his  mind  of  that  essentially  pure  love  of  scientific  truth  for 
it8  own  sake,  which  has  been  in  all  ages  the  guiding  star  of  truly 

great  practitioners  of  medicine Even  amid  the  pressing  calls 

o!  consulting  practice,  and  amid  distractions  of  a  yet  graver  kind, 
....  be  never  forget  the  ladder  by  which  he  rose  to  fame,  the 
only  true  ladder,  it  may  be  added,  by  which  any  man  ought  to  rise 
on  whom  the  training  of  the  younger  medical  mind  in  any  large 
degree  depends  ;  and  no  doubt  it  may  be  said  of  him  that  the  con- 
fidence reposed  in  him  by  a  wide  circle  was  largely  founded  on  the 
beUef  that  he  had  so  gained  his  eminence,  and  that  a  position  attained 
^  only  the  most  legitimate  scientific  methods  would  never  be  abused 
to  lower  and  baser  ends." 

The  graver  distractions  referred  to  by  the  writer  of  this  quotation 
^W  the  evidences  of  decaying  health,  which  first  manifested  them- 
^ves  in  January  1874,  or  little  more  than  four  years  after  Dr. 
^dezs  was  appointed  a  professor.  In  their  first  manifestations 
^  caused  the  gravest  anxiety  to  his  friends,  unfortunately 
*^t  too  clearly  confirmed  when,  after  several  intervals  of  apparent 
'^itoration  to  health,  during  which  he  resumed  for  a  time  his 
duties  as  a  teacher  and  physician,  a  sudden  attack  of  hemiplegia 
^  the  right  side,  with  nearly  complete  aphasia,  occurred  on  the  8th 
^September  1880.  He  remained  in  this  condition,  with  occasion- 
^^J  acme  improvement  in  the  paralytic  symptoms,  and  with  an 
^^^ect  apparently  unclouded,  until  February  of  the  following 
^^  when  a  second  attack  occurred,  attended  on  this  occasion  with 
of  consciousness,  and  in  less  than  twenty-four  hours  afterwards 
^^^erpired  on  the  18th  of  February  1881,  the  day  following  the 
^^^JUdveiaBiy  of  his  fifty-third  birth-day. 

Cut  off  in  the  prime  of  his  life.  Dr.  Sanders'  loss  is  lamented  by 
widow  and  a  family  of  two  sons  and  three  daughters.      It  is 
ited  also  by  a  wide  circle  of  frienda     The  universal  respect 
^'^itntained  for  him  was  exhibited  by  the  large  gathering  that 
place  at  his  funeral  on  the  2drd  of  February — a  gathering 
'hieh  compriaed  representatives  of  all  classes  of  society,  and  in 
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which  were  conspicuous  many  in  the  poorest  ranks  who  had 
derived  advantage  from  his  skill  as  a  physiciaa  It  has  also  been 
exhibited  in  the  successful  realisation  of  a  scheme  to  commemorate 
his  life  by  a  monument  to  be  placed  over  his  grave  in  the  Dean 
Cemetery,  and  a  bust  to  be  preserved  in  the  University,  which  have 
been  executed  by  Mr.  Hutchison,  RS.A. 

His  friends  and  associates  lament  the  death  of  a  sincere,  truthful, 
and  warm  friend.  His  colleagues  recognise  that  the  profession  of 
medicine  has  lost  one  of  its  most  eminent  representatives,  an  earnest 
denouncer  of  abuses,  and  a  powerful  advocate  for  reforms  ;  a  man 
of  science,  diffident  in  self-assertion,  but  influential  because  of  the 
merits  which  he  himself  was  slow  to  assert 


Dr.  Andrew  Wood.    By  Professor  Maclagan. 

Da  Andrew  Wood  was  the  representative,  in  the  fourth 
generation,  of  a  family  which  for  considerably  above  a  century  and 
a  half  has  been  identified  with  the  medical  profession  in  Edinburgh, 
and  especially  with  the  Royal  College  of  Surgeons.  His  great- 
grandfather, William  Wood,  entered  the  college  in  1716  ;  his  grand- 
father, Andrew  Wood,  in  1769  ;  his  father,  William  Wood,  in  1805 ; 
and  he  himself  in  1831.  It  does  not  appear  that  the  first  William 
Wood  ever  was  chosen  President  of  the  College,  but  all  his  three 
descendants  obtained  that  honour,  two  of  them  being  twice  elected. 

The  subject  of  the  persent  notice  was  bom  on  1st  September 
1810.  He  was  educated  at  the  High  School,  being,  according  to 
the  then  existing  system,  four  years  under  Mr.  Lindsay,  and  then 
two  years  imder  the  Eector  Dr  Carson,  his  place  in  his  last  year's 
class  being  a  high  one,  and  showing  that  even  as  a  boy  he  had  a 
taste  for  the  ancient  classics  which  were  to  him  a  source  of  eigoy- 
ment  to  the  end  of  his  life.  After  having  gone  through  ^ 
humanity  classes  he  entered  upon  the  study  of  medicine,  and  took 
his  degree  of  M.D.  in  August  1831,  when  he  was  not  quite 
twenty-one  years  of  age,  imder  a  custom  then  in  force,  which  per- 
mitted those  to  receive  their  degree  whose  twenty-first  biithdaj 
occurred  before  the  commencement  of  another  academic  sessioiL 
Very  soon  after  his  twenty-first  birthday  he  was  admitted  to  the 
Eoyal  College  of  Surgeons,  his  probationary  essay  being  upon 
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Cataract,  a  Latin  version  of  it  having  been  presented  by  him  as  his 
thesis  to  the  Medical  Faculty  of  the  University.  Though  without 
any  special  predilection  for  ophthalmology,  or  indeed  for  pure 
suigery  in  any  form,  he  was  probably  induced  to  select  this  subject 
for  his  thesis  from  his  having  for  some  time  studied  in  Dublin, 
especially  under  the  celebrated  oculist  Dr.  Jacob,  of  whom  frequent 
mention  is  made  in  his  probationary  essay. 

Two  circumstances  connected  with  Andrew  Wood's  earlier  pro- 
fessional days  call  for  notice,  because   they  exercised  a  marked 
Influence  on   his  future  career.     The  first,  which  belongs  to  his 
imndeigraduate  period,  was  his  joining  the  time-honoured  students' 
ixstitation,  the  Eoyal  Medical  Society.     He  did  not  long  remain  a 
silent  member  on  its  benches,  but  soon  threw  himself,  with  that 
energy  which  was  part  of  his  nature,  into  the  business  of  the  Society, 
l>ot)i  private  and  public,  taking  a  large  share  in  its  debates  and 
^=^^ing  a  most  zealous  and  valuable  business  man  in  its  committees. 
■^^  was  a  member  of  that  sub-committee  of  three  to  whom  was 
^xitrusted  the  final  revision  and  correction  of  the  Catalogue  Raisonne 
the  Society's  valuable  library,  which  was  published  in  1837. 
^  the  Royal  Medical  Society,  Andrew  Wood  was  always  ready  to 
as  many  others  have  had  reason  to  do,  that  fluency  in  speak- 
^^^  and  readiness  in  debate  which  he  afterwards  so  fully  mani- 
^^•ted,  nor  did  he  forget  the  benefit  which  it  conferred  upon  him  in 
^^Ting  him  the  habits  of  business  which  he  acquired  in  its  finance, 
'^^  tttaiy,  and  other  committees.     The  youth  was  here  truly  the  father 
the  man ;  for  to  those  who  were  associated  with  him  in  those  days 
youthful  activity,  it  seemed  to  be  only  the  necessary  development 
Andrew  Wood  when  he  became  a  leading  and  influential  member 
the  General  Medical  Ck)uncil  of  the  United  Kingdom  and  Chair- 
of    its  Business  Commitee.      His  fluency   on  all   sorts   of 
^^'^CMiona,  whether  he  spoke  after  preparation  or  on  the  spur  of  the 
^^Ofnientj  was  conspicuous.    He  spoke  as  he  felt — that  is,  strongly — 
^^  every  matter  on  which  he  had  made  up  his  mind;  but  perhaps 
^^^ftmay  be  permission  for  the  friendly  criticism  of  one  who,  as 
^  ^  bug  intimate,  knew  and  valued  him,  that  he  not  unfrequently 
•poke  ore  rotundo  when  a  less  oratorical  style  might  have  sufficed. 
\  *^  second  circumstance  which   powerfully  influenced  Wood's 

1       ^^ttote  for  good,  was  his  appointment  when  a  young  practitioner  to 
I  ^OL.  XL  2  X 
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be  one  of  the  medical  officers  of  the  New  Town  Dispensary.  Th< 
his  natural  energy  found  an  ample  field  for  its  exercise,  and  here 
found,  as  many  of  his  fellow  practitioners  can  testify  that  they  hi 
done,  the  value  to  them  of  being  thrown  on  their  own  resources,  a 
having  to  apply  on  their  own  responsibUity  those  clinical  instr 
tions  which  they  had  acquired  under  their  teachers  in  the  Ro; 
Infirmary.  Andrew  Wood  laboured  hard  among  the  poor,  and  sc 
acquired  that  self-reliance  and  decidedness  as  a  practitioner  wh 
characterised  him  in  after  life,  and  which  made  him  to  be  truff 
and  valued  in  the  large  practice  which  he  enjoyed,  partly  as  an 
heritance  but  chiefly  from  his  own  professional  worthinesa  He  h 
several  important  professional  appointments,  such  as  the  surgeoi 
of  Heriot's  Hospital  and  of  the  Merchant  Maiden  and  Trades  Mai( 
Hospitals,  and  the  Inspectorship  of  Anatomy  for  Scotland. 

His  most  conspicuous  public  position  was  that  of  a  member 
the  General  Medical  Council.  His  hereditary  as  well  as  perso] 
attachment  to  the  College  of  Surgeons  of  Edinburgh,  and  the  act 
share  which  he  had  taken  in  all  its  work,  alike  as  a  f eUow, 
president,  and  as  an  examiner,  pointed  him  out  as  the  fitting  rep 
sentativo  of  that  body  in  the  General  Council,  and  the  Coll< 
neither  sought  nor  needed  any  other  representative  so  long  as 
lived.  He  was  soon  recognised  as  an  important  and  useful  meml 
of  the  Council,  the  best  proof  of  which  was  his  selection  as  1 
Scottish  member  of  its  Executive  Committee.  This  entailed  up 
him  much  work,  and  frequent  visits  to  London.  To  most  peq 
these  last  would  have  been  a  trial  and  discouragement^  but  1 
energetic  nature  knew  no  such  impediments.  He  would  make 
night  journey  up,  have  a  day's  business  in  the  metropolis,  and  coi 
back  next  night  by  the  express,  reappearing  as  usual  in  his  p 
fessional  rounds  in  the  forenoon  of  the  second  day,  apparentlj^ 
fresh  as  if  he  had  enjoyed  two  successive  nights  of  undistorl 
repose.  It  was  these  rapid  movements  of  his  which  gained  for  '^ 
from  his  friends,  both  here  and  In  London,  the  sobriquet  of 
"  Flying  Scotsman." 

Andrew  Wood  through  his  whole  life  had  a  keen  enjoyment  of  i 
classics  both  ancient  and  modem,  his  favourite  languages  being  Xtft 
and  German,  and  his  love  for  them  led  him  to  write  and  publU 
translations  from  Horace  and  also  from  Leasing  and  Schiller.    Et 
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had  a  letentive  memory^  and  often  in  conversation  or  discussion  pro- 
duced an  apt  quotation  especially  from  Horace  or  Lucretius.  It  waa 
his  work  as  a  member  of  the  Medical  CouncQ  rather  than  his  literary 
efforts  which  led  his  Alma  Mater,  the  University  of  Edinburgh,  to 
confer  upon  him  the  degree  of  LL.D. 

In  the  matter  of  general  politics.  Dr.  Wood  had,  as  was  usual 
with  him,  very  decided  opinions.     Other  people  called  him  a  Con- 
aenrative ;  he  avowed  himself  to  be  a  Tory.     He  never,  however, 
allowed  politics  to  make  any  difference  for  him  in  the  amenities  of 
piivate  life,  and  thus  it  came  that  many  of  those  who  were  his  most 
loved  and  loving  friends  were  entirely  of  opposite  political  opinions. 
In  both  these  respects  he  was  a  close  follower  of  his  genial  and 
eeieemed  father,  William  Wood.     In  medical  politics  he  followed 
1^0  gystem  which  could  be  designated  as  Conservatism.     His  position 
itt  Diedical  politics  would  best  be  expressed  by  a  term  borrowed  from 
the  Gennan  Parliamentary  vocabulary  ;  he  was  a  Progressist.     His 
peat  desire  was  to  see  the  medical  profession  not  merely  main- 
tained but  elevated  in  public  and  social  estimation.     Fully  estimat- 

• 

^  the  necessity  for  the  rising  generation  of  medical  men  being 

thoroughly  equipped  in  all  that  pertains  to  modern  advances  in 

P^fessional  knowledge,   he  was  particularly   anxious   that  good 

preHminary  education  should  be  insisted  on,  and  that  the  young 

^tor  should  first  of  all  be  a  well-educated  gentleman. 

His  ecclesiastical  position  was  that  of  a  member  of  the  Scottish 

■Episcopal  Church,  as  his  forefathers  had  been.     He  was  not  one  of 

*ho8e  who  cany  their  profession  of  faith  on  their  sleeve.     He  never 

P*ftwied  his  religion  before  the  world.     He  would  and  did  talk 

Earnestly  and  piously  on  religious  topics  with  his  intimate  friends, 

^^  being  in  his  private  relations  a  loving  husband,  an  affectionate 

^her,  an  attached  friend  and  an  upright  straightforward  man,  he 

^^  a  capital  example  of  the  unpretentious  sincere  Christian  gentle- 
^Ban. 

In  the  social  relations  he  was  esteemed  by  all  who  had  the 
Privilege  of  his  friendship.  A  certain  almost  boyish  exuberance 
^i  aoimal  spirits  made  him  the  centre  of  a  hilarious  group,  when- 
^f  he  foregathered  with  his  friends  in  the  University  Club,  or  at 
^  festive  board  of  the  iEsculapian  or  the  Medico-Chirurgical 
^^h.    He  had  the  true  clubbable  quality  of  being  able  to  give  and 
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take  a  repartee;  he  would  ''  nothing  extenuate  nor  set  down  ought 
in  malice." 

It  was  when  in  the  midst  of  an  apparent  health  and  vigonr 
which  promised  more  years  of  public  usefulness,  that  his  friends 
who  knew  him  intimately,  and  the  public  who  knew  him  by  name 
only,  were  startled  and  shocked  by  the  news  of  his  sudden  death, 
due,  as  was  afterwards  ascertained,  to  rupture  of  the  heart,  on  the 
25th  January  of  this  year,  and  consequently  when  he  was  in  the 
seventy-first  year  of  his  age. 

Another  generation  of  Edinburgh  doctors  must  be  created  and 
become  extinct,  before  it  will  be  forgot  that  the  character  of  an 
excellent  practitioner,  a  valuable  servant  of  the  public  and  the  pro- 
fession, an  amiable  domestic  man,  a  genial  friend,  and  a  true 
Christian  gentleman,  were  united  in  the  person  of  Andrew  Wood. 

The  following  Communications  were  read : — 

1.  On  a  Particular  Case  of  the  Symbolic  Cubic.      By  Dr. 
Gustav  Plarr.     Communicated  by  Professor  Tait 

§  1.  The  method  by  which  Hamilton  has  established  the  sym 

bolical  cubic 

(1)  m- Wi^  +  W3^^-^^  =  0 , 
and  more  particularly  the  relation 

(2)  wi^  ■*  =  t»j  -  wio^  +  0^ 
is  founded  on  a  generalisation  of  the  result 

(3)  m^->(VV)  =  V(^VM), 

where  ^  represents  a  linear  and  vector  function,  and  ^'  its  coDJi]g^i^^&< 
according  to  the  definition 

In  the  most  general  case  of  <fip  the  expression  of  this  functiosrm  jb 
reducible  to  a  vector  sum  of  three  terms  of  the  form  oSajp,  and     ^fae 
directions  which  ^p  is  susceptible  of  representing  are  generally^    not 
limited  in  space. 

We  may  now  conceive  a  class  of  cases  in  which  the  expressLon  of 
^  is  reducible  to  the  sum  oi  two  terms  only,  and  in  whicli  the 
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directions  which  the  function  is  susceptible  of  representing  are 
limited  to  those  which  may  be  comprised  in  a  given  plane.  In  this 
case  we  may  assume  the  expressions 

(4)  <f>p  =  aSttiP  +  PSp^p  , 

(5)  ^  p  =  a^Sap  +  PiSPp  . 

In  virtue  of  these  definitions  the  coefficient  7/^  in  the  cubic,  whose 
definition  is 

will  vanish,  because  the  factors   <f>'\ ,    <f>'fi ,   ff>v  are  all  three  co- 
planar. 

The  value  m  =  0  characterises  in  a  more  general  way  the  class  of 
functions  ^p  which  we  have  in  view.  But  in  the  case  m  =  0  the 
^nations  (2)  and  (3)  lose  their  definite  signification  because  we  do 
not  know  d  priori  what  the  result 

^^  become  when  one  of  its  factors  vanishes. 
^f  we  eliminate  the  unknown  term 

'^^^  the  relations  (3)  and  (2)  (this  last  being  written  then  for 
Am.)  we  get  the  relation 

^  there  cannot  be  a  doubt  as  to  the  validity  of  this  equation 

/^^H  ^p  is  constituted  so  as  to  be  susceptible  of  representing  any 

^"^ction  in  space.     But  when  ff>p  is  of  the  more  particular  class, 

^^^esented  by  (4),  then  it  seems  to  us  that  the  last  written  equation 

,^^^Uires  a  verification,  and  the  present  paper  effects  this  verification 

^  two  methods,  adding  a  few  applications. 

W'e  remark  that  the  expressions  (4)  and  (5)  may  be  looked  upon 
^Heoretical  and  not  actually  given.     The  true  data  for  the  class 
functions  which  we  consider  will   be  the   vectors  y  and  yj, 
^^^ixiely: 

(6)  Va)3  =  y,    and   \a^P,^y,, 

to      -L- 

^bich  the  directions  represented  respectively  by  ^p  and  by  ^  p 
^^^  be  perpendicular. 
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We  assume  thus 

(7)  Sy^p»0   and   Syi^p  =  0 

for  any  direction  of  p. 

The  theoretical  expressions  (4),  (5)  show  also  that 

^(Vc4)3i)  =  0  and  ^'(Vaj3)  =  0, 
namely 

(8)  <Ayi"=0,   and   «/»y  =  0. 

These  relations  comprise  the  relation  (7),  hecause  we  have 

Sy^   =  ^pffjly  =  Sp  X  (zero)  =  0 , 

We  see  thus  that  the  properties  derived  from  expression  ( 
^p,  namely 

r)    m  =  0       \      (V)    m  =  0 
2^)     Sy^p=0  V     <  2«)     Syi^p  =  0 

3°)    <Ayi-o    )     (3«)    ^v-0, 

are  all  consequences  of  eacli  other,  and  one  of  the  equations 
merated  in  1^),  2°),  3^)  will  have  the  others  for  consequences. 
§  2.  For  the  verification  of  the  equation 

(9)  Y<f,'\<l>'fi  =  (^2  _  ^^^  +  fn^)Y\fjL , 

in  our  particular  case  of  ^,  let  us  first  calculate  the  coeific 
m^  and  m^,  as  they  are  defined  in  §  147  of  Professor  Tait's 
meniary  Treatise  on  Quaternions. 
If  we  take 

v  =  y, 

then,  owing  to  <f>'y  =  0,  the  values  hecome 

(  91^28 A^y  =  S(^'X.  ^y  +  ^'/i.  yX)  . 

By  the  help  of  the  theoretical  expressions  (4),  (5)  we  get 
Y<t>'k<f>'fi  -  V(oiSaX  h  )3iS)3X)(oiSa/i  +  fifiPfi) 

(11)  V^Vm=  -yj^SyVXft. 
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Thus  we  get 

namely 

(12)  ^i--Syyi. 

Further 

S^'X.  fiy  +  S<l>fi.  y\  =  SaifiySaX  +  Sffii/iyjSpX. 
+  Sa^yXSofi  +  SP^yXBPfi 
=  S.  (Va^y  .VV.  a)  +  S.  (VPiy  .Y^fi.P) 
-  S.  VV[V(aVa,y)  +  VOSV^^y)] 
=  -  (SAfuiiSay  +  SXfti3iS)3y)SVy[Saai  +  Sfifi^] . 

But 

Soy  =  Sa  Va)3  =  0  ; 
likewise 

S)3y-0. 
Thua  we  get 

(12  his)  iwj  =  Soai  +  SPP^ . 

It  ia  clear  that  these  values  of  m^  and  mj  are  those  which  would  be 
^ved  from  the  values  of  the  same  coefficients  in  the  case  of  the 
^^leaaion  of  ^p  by  three  terms  instead  of  by  two  only. 

I«t  ua  now  calculate  the  second  member  of  (9),  which  for  abbre- 
^tttion  sake  we  will  designate  by  ^VA/x,  putting 

(13)  ('='4>^-m^4>-\'m^. 

^e  have  by  (4)  and  (12  Ms) 

(<l>  —  TOj)  =  paSa-^p  —  pSoa^ 

^^  terms  vaniah,  there  remains :  ' 

ft)  =  oS(aiV/Sp.  i8i)  +  pSifi^Yap.  oi)  +  m,p 
=  -  aS.  )8V(pVo,i3i)  +  i8S .  oV(pVo,^,)  +  wi  ^ 
=  V.V(pVoi)8i)Vo/8  +  OT,p 
■=V(Vpyi.y)  +  ll.i(» 
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By  the  value  (12)  of  m^  the  factor  of  p  vanishes.     Theie  remains 
(14)  -  yiSyp  =  («^2  _  jf^^^  +  ^^)p  =  ^p . 

This  gives  us  also 

and  the  second  member  is  precisely  the  value  (11)  of  V^'X<^'/x. 

We  have  thus  verified  the  equation  (9)  in  the  case  m  =  0.  In 
like  manner  we  may  verify  the  corresponding  equation 

(15)  V«#)\<^/U.  =  (<^'2  -  7W2<^'  +  wij) VV 

derived  from : 

(16)  -  ySy^  =  (f  2  _  ^^^'  +  ^^)p  ^  ^y 

These  relations  (14)  and  (16)  when  treated  respectively  by  the 
operator  ^  and  <fi  will  give  the  corresponding  cubics  (1)  in  which 
m  —  0,  because  the  terms 

^iSyp,  and    ^^ySy^p, 

vanish  whatever  be  p,  in  virtue  of  the  equations  (8)  to  which  ^  and 
<fi  satisfy. 

These  relations  (14)  and  (16)  cannot  give  the  inverse  functions 
^■'  or  ^'"^  because  from 

we  cannot  conclude  anything  so  long  as  we  are  unable  to  determine 
the  unknown  vectors 

^-•(yi)   and  f- Xy), 
in  the  case  when 

^(yi)  =  0,   and   ^'(y)  =  0- 

§  3.  On  the  other  hand,  when  p  is  coplanar  with  the  plane  to 
which  the  directions  of  ^p  belong,  then  calling  Pq  such  a  vector,  we 

have : 

SyPo  =  0, 
and  consequently 

so  that  the  equation  (14)  becomes  in  this  case  a  qttadric 

This  remark  enables  us  to  construe  the  equation  (14)  by  a  direct 
process.     Let  namely  vector  p,  of  any  direction,  be  decomposed  into 
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tbe  two  components,  the  one  p^  perpendicular  to  y,  and  the  other  p^ 
pamllel  to  y^ ,  so  that,  if  p^  =  Ty^,  yre  have 

z  being  a  scalar. 
Taking  of  both  members  the  function  f ,  we  have 

First  we  remark  that,  as  ^^  =  0,  we  have  also  fffy^  =  0.     Thus  (y^ 

nduces  itself  to  n^y^^     If  we  treat  by  S(    )y  the  expression  of  p, 

wegetby  Sypo-0: 

Syp  =  2Syyi; 

and  as  Syy^  =  -  wij  by  (12),  we  get 

z-  -^ 

z  —   —  — —  • 

^1 

Hence 

(18)  '»=''o-y.^^ 

and  ^ 

(19)  fip  =  fpo  -  yi^yp  • 

W'e  propose  now  to  show,  by  a  direct  method,  that  ip^  =  0,  and 
^^  this  purpose  we  apply  the  method  of  Hamilton,  under  the  form 
^  which  it  is  explained  in  §  147  of  Professor  Tait's  ElemerUary 
^^<^i»e  on  Quaternions. 

^  ^  for  any  vector  p,  and  so  also  for  pQ,  ia  perpendicular  to  y, 
^  Ujay  represent  ^Pq  by 

*>eing  quite  arbitrary,  except  that  it  must  be  different  from  y. 
^^  gives  besidee 

^U^  is  identically  vanishing,  the  relation 

SX^o-Spo^'^  =  0. 

^  have  also  by  hypothesis 

Sypo=»0. 

^m  these  two  last  equations  we  draw 

HK^  wpo  =  V.y</>'X, 

"**»g  a  scalar. 

^OL.  XL  2  T 
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We  determine  n  by  treating  the  last  expression  by 

S(    )«/>>, 
fjL  being  not  coplanar  with  y  and  \.     This  gives 

The  first  member  becomes 

nSfjuf>pQ  =  nSfiJVyX  =  nSyAfi , 

The  second  member  expresses,  according  to  (10),  the  value  of 

fHiBykfji. 
We  have  therefore 

We  then  generalise  the  relation 

into 

(20)  (*  +  <7)/<'o  =  VyX. 
From  this  we  deduce,  as  above, 

(21)  n,Po^Yy{4>'  +  g)k. 

This  equation  has  now  to  serve  for  two  purposes. 
First  we  treat  both  members  by 

S(    )(*'  +  i7)/i. 
This  gives  for  the  first  member 

«,S/)o(</>'  +  g)ti  =  w^S(<^  +  g)pQ .  fi «  n^Sy V . 

The  second  member  of  (21)  treated  likewise  gives  us  then : 

Sy(<^'  +  g)k{Kl>'  +  g)p,  -  n^SyX/i . 

If  we  develop  the  first  member  according  to  the  powers  of  gt  wb 
that  Tig  takes  the  form 

(22)  ng^m^-^m^  +  g^, 

because  the  coefficient  of  g  becomes  m^  according  to  the  expreff 
(10)  of  this  coefficient 

In  the  second  place  we  treat  the  equation  (21)  by  the  op^ 
{<l>  +  g).     This  gives,  by  (20), 

n,VyX=:(^  +  (7)Vy(^'  +  (7)X. 
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Dereloping  the  second  member  we  get 

If  we  substitute  for  n^  its  expression  (22),  and  identify  the  co- 
efficients of  the  same  powers  of  ^  in  both  members,  we  get  the  two 
conditions : 

(23)  i  '»iVyX=^.V(y^'X) 

PTom  these  two  relations  we  eliminate  y(y^'X)  by  treating  the 
second  equation  by  ^     Thus  we  get : 

1»lVyX  -  OT2</>VyX  ==  -  <^2 VyX 

or 

(<^8  -  l»j,<^  +  ^l)  VyX  -  f  VyX  =  0 . 

Now  VyX  represents  any  vector  perpendicular  to  y.  Calling  it  p^, 
we  have 

(24)  i  ^^'  SyPo-0 

f n)m  this  equation  we  may  also  draw  the  inverse  function 

(  when  SypQ  =  0. 

To  these  equations  (24),  (25)  correspond  similar  equations  for  the 
^^j^igate  ^',  namely,  for  Sy^Pi «  0  we  have : 


/25X  1  ^i^ '  Vo  =  (^  -  ^)Po  > 


(26)  UPi  =  (*'*-^a*'  +  «»i)i 


It  * 
^  evident  by  the  expressions  (12)  and  (12  bis)  of  m^  and  mj  that 

^  coefficients  in  the  relation  (26)  are  the  same  as  in  the  relation 
(24).  ^ 

S  4.  The  equations  (24)  and  (26)  may  be  applied  in  order  to  find 
*j®  directions  of  the  vectors  which  coincide  with  the  direction  of 
^  ^^Qiresponding  function  4>  or  ^'. 

^^•Uing  cr  the  vector,  which  satisfies 

(27)  (^-A)cr  =  0, 

^  •ee  that  or  must  satisfy 

Sycr=0, 
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dcaose  <fxr  is  perpendicular  to  y,  and  so  o*  must  be  as  it  i 
0  ^. 
If  we  treat  (27)  by  S(    )X  we  get,  (X  being  different  fron 

SX(«/>-A)<r  =  0, 
namely 

(29)  S<K*'-A)X  =  0. 

Thus,  if  we  call  N  a  scalar,  we  get  by  (28)  and  (29) 

No--V.y(<^'-A)X. 

By  the  second  equation  (23)  the  second  member  in  the  vah 
becomes 

(30)  N<r-(m8-<^-A)VyX. 

We  will  now  consider  the  value  of  h.     The  relation  (2 
treated  by  ^  gives 

Thus  by  (24),  the  factor  a-  being  suppressed,  we  get : 

(^*-m2^  +  i»i)«0. 
Calling  h*  and  /i"  the  two  roots,  we  have 

h'  +  h''  =  tn^  f 

and  calling  or',  o-''  the  corresponding  directions  of  cr,  the 
(30),  in  which  we  change  the  sign  of  N,  will  give  now 

NV  =(<^-r)o), 

NV  =  (^-A>, 
where 

Sy<i)  =  0 . 

These  are  the  vectors,  namely,  or',  or",  which  satisfy 

When  ^  is  self-conjugate  they  are  necessarily  re 
the  roots  h',  h",  are  real     We  may  show  this  in  th 
We  have  for  the  roots  : 

2h  =  mg  =*=  R , 

=  S2(aai  +  Pfi^)  +  4  SYapYa^j 
by  the  expressions  (12)  and  (12  bis). 
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We  have  also,  when 

Squaring  c  and  subtracting  it  from  R^  we  get,  when  all  is  de- 
veloped : 

+  2SaaiSi8j3i  -  2SafijSa^ 
+  28apSa^^ 

^e  five  double  products  of  scalars  reduce  themselves  to 

2Sa[)8Saij3i  -  a^SfiP^  +  P^Sa^] 
=  2SaV)3ai)8i 

=  2T(aa^T.(fiP,)S.VaUI3JJa,Vp, . 
•^  e  may  put 

S.  UaU)3UaiU)3i  =  -  cos  0) , 

'^^^^use  the  absolute  value  of  this  scalar  cannot  outpass  unity. 
"^^ua,  putting 

RS  =  T8.aai  -  2T.aaiT./?/?i  COS  ta  +  T^.fiP^  , 
^©  have 

^^hi«  expression  of  R*  shows  that  when  Tc  =  0,  namely,  when  ^  is 
^^J-eonjugaief  then  the  value  of  R^  is  essmtiaUg  positive,  =«  RJ,  and 
^e  loots  h  are  real  d  priori.  It  is  true  that  when  Tc  is  comprised 
^^thin  the  proper  limit,  then  R^  remains  positive,  so  that  the  roots 
^  &nd  the  solutions  or  may  remain  real,  even  when  ^  is  not  self- 
^njogate,  provided : 

T€<TRo. 

8  5.  We  will  apply  our  equations  (14)  and  (15)  to  two  correspond- 

^  cases;  the  first  to  the  case  of  the  example  of  §  159  of  the 

^UmaUary  Treatise  on  Quaternions ;  the  second  to  the  case  of  the 

^^^nstraction  of  equation  (8)  of  Professor  Tait's  paper  on  MincUng's 

Theorem  {Trans.  RS.E.  1880). 

The  Example  of  §  159  demands  the  solution  of 

V.cp-8. 
We  put 
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Then  we  have 

Also,  because  of  <l>p  »  -  ^p,  we  have 

«/>'€  =  0. 

We  may  assume 

then  we  get : 

if^p  =  V(  Va')8'.  p)  =  a'Sfi'p  -  p'Sa'p  . 

If  we  liken  this  with  our  former  expression  (4)  we  get 

a  =  a',    ai  =  ^',    ^  =  ^,    ^i=-a', 
and  we  have 

Then  we  get  by  (14) 

(^*  -  m^^  +  Wi)p  =  -cS/>c. 
We  have  of  course  m  =  0,  and  then 

^2  =  S(aai  +  iS/^i)  =  S(a'/3' - /3'a')  =  0  . 
Also 

because  ScS  must  vanish  in  virtue  of  Ycp^S.      Therefore  c 

equation  gives : 

c8-c«/)  +  cS/)c  =  0. 

And  as  S/oc  remains  indeterminate  =2:,  we  have  the  solution : 

which  is  the  same  as  the  one  obtained  by  indirect  processea 

Our  second  application  will  be  to  establish  the  equation  (8)  a^ls 

quoted,  namely : 

btp^^xp-^e^e^-wP, 

which,  when  translated  into  another  notation  (to  be  explaii 
further),  will  be 

We  introduce,  namely,  for  p  =  Vfi  of  Professor  Tait's  Memoir,  (be 
letter  k ;  we  put  also 

pTp  ^pb^xT , 
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Then  wo  call  17  the  vector  ISVafi,     The  equation  (5)  from  the 
quoted  memoir  will  then  be 

Yk<r  +  rf^O  (a) 

^th  the  conditions 

Sib7  =  0,  (b) 

#  =  0.  (c) 

By  the  definition  of  ^/o, 

and  by  that  of  rf,  we  have 

(^-^>  =  V.i7p.  (d) 

^  the  particular  case  p^^k  this  gives,  by  (b)  and  (c) 

Kl>k^k7j;  (e) 

^  that,  it  is  to  be  remarked,  the  system  rj,   <l>k,  and  k  form  a  tri- 
'^^^tangular  system,  variable  it  is  true ;  and  T^'ifc  =  Ti;. 
Treating  (a)  by  S(    )kj  and  remembering  A;^  =  -  1,  we  get 

<r  =  «/>'A;  -  A;SAkr .  (/) 

^ow  by  our  equation  (15),  in  which  we  introduce 

we  get 

4:^k-m^4>k  +  OTiA;  -  V«Hi;  =  0 . 

''^^^Uniiiating  ^'A;  from  this  and  ttijO-  =  mjf^'A;  -  mJcSkaf  we  get 

wigo-  =  <l>*k  +  (wj  -  m2Ska)k  -  V^i^' .  (^) 

"^oieover  we  have  by  {d) : 

-  kTrfJ:<l>'k 

"^^  gives: 

(Ji)m^  «■  ^'Af  -  a:Ac  -  Y<l>i<t^' , 
^Acre  we  put 

^<^  ibis  equation  (A)  represents,  with  changed  sign,  the  equation 
\^)  in  question.     Namely,  if  we  apply  the  function  ^  to 

p-  -^tSip-jSJp-kSkp, 
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we  get,  because  of  (c),  or  ^==  0, 

We  assimilate  this  with  our  former  expression  (4)  of  ^p,  and  we 
put  in  consequence : 

Hence  we  have,  first : 

%  =  - (St^t  +  ^J<kf) -  -t. 
Secondly,  we  have,  as 

=  -  Kl>iSk<l>i  -  <f^'Skff(/ 

(by  its  definition,  page  678.) 
FinaUy,  if 

we  have 

V.  ffiiifio  =  e^Cg/ff',  when  <^t  ±<l>j ,  p'  representing  U .  <^%' . 

Thus  all  the  terms  of  (h)  correspond  to  the  terms  in  the  primitS. 
equation  (8)  which  we  have  thus  established  by  a  method  difiei 
from  that  of  the  quoted  memoir. 

2.  On  Mirage.    By  Professor  Tait. 
(Abstract,) 

While  seeking  for  a  good  elementary  illustration  of  Hamilt 
general  methods  in  optics,  the  author  was  led  to  consider,  fro: 
somewhat  novel  point  of  view,  the  path  of  light  in  a  medium 
refractive  index  is  a  function  of  the  distance  from  a  plane. 
is,  at  least  approximately,  the  case  of  the  peculiar  atmosplm^*^^ 
arrangements  to  which  are  due  the  phenomena  of  Miraqs^  so  l^'^V 
as  the  curvature  of  the  earth  can  be  neglected. 

A  considerable  improvement  in  the  usual  theoretical  treatmeii^  ^ 
this  subject  was  introduced  by  Professor  J.  Thomson  in  1872,  ***" 
afterwards  developed  by  Professor  Everett  in  FhiL  Mag.^  IBT^ 
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The  main  feature  of  this  improvement  is  the  study  of  the  curvature 
of  the  ray  in  terms  of  the  rate  of  change  of  refractive  index  in  the 
medium. 

It  seemed,  however,  to  the  author  that  a  still  simpler  and,  for 

some  purposes,  more  powerful  method  could  be  made  to  depend 

upon  the  study  of  the  curve  on  which  lie  the  vertices  of  all  rays 

passing  through  a  point  and  confined  to  one  plane  perpendicular  to 

the  strata  of  equal  refractive  index.     For  the  path  of  every  ray  is 

neoessarily  symmetrical  about  an  axis  perpendicular  to  these  strata. 

Now  suppose  the  strata  to  be  horizontal,  which  is  the  common 

caao,  two  rays,  slightly  inclined  to  one  another,  leaving  any  point 

in  a  common  vertical  plane,  will  in  general  intersect  one  another 

^f ore  they  again  reach  the  level  of  the  starting-point,  if,  and  not 

uiU^aa,  the  vertex  of  the  higher  ray  be  horizontally  nearer  to  the 

starting-point  than  that  of  the  lower  ray;  t.e.,  if  the  part  of  the 

^ui-Ye  of  vertices  concerned  leans  towards  the  starting-point     Also, 

is  weQ  known,  when  two  rays,  slightly  inclined  to  one  another, 

once  between  the  eye  and  the  object,  the  image  formed  is  an 

^^'V'crled  ona 

CEence  the  following  simple  graphical  method  for  finding  the 
^^^^inber  and  cbaracters  of  the  images  of  an  object  situated  at  or 
to  the  horizon.     Draw  the  curve  of  vertices  for  all  rays  leaving 
eye  in  the  vertical,  plane  containing  the  object     Draw  also  a 
Vertical  line  midway  between  the  eye  and  the  object     The  inter- 
ns of  this  line  with  the  curve  of  vertices  are  the  vertices  of 
^^  the  paths  by  which  the  object  can  be  seen  when  the  eye  is  in 
^^^  assigned  position. 

Xt  is  easy  to  see  that  at  these  intersections  the  curve  of  vertices 
^^U«t  alternately  lean  from,  and  towards,  the  eye,  i.e.,  the  images 
are  alternately  erect  and  inverted ;  their  number  depends  of 
upon  the  form  of  the  curve  of  vertices,  which,  in  its  turn, 
^^peods  not  only  upon  the  law  of  refractive  index  in  terms  of  level, 
^^  also  upon  the  position  of  the  eya 

Thus,  as  has  long  been  known,  the  vertices  of  all  the  paths  in 

^Vich  a  projectile,  fired  with  a  given  velocity,  can  move,  with 

^^^erent  elevations  of  the  piece,  lie  in  an  ellipse  whose  major  axis 

1         V^uble  the  minor  axis)  is  horizontal.     The  lower  half  of  this  ellipse 

k        ^^tQs  from  the  gun,  the  upper  half  towards  it,  and  those  correspond 
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to  angles  of  elevation  of  the  piece,  respectively  less  and  greater  than 
45''.  In  the  former  case  (when  the  elevation  is  less  than  45**)  a 
slight  increase  of  elevation  increases  the  range  on  a  horizontal  plane, 
so  that  the  new  path  is  wholly  ahove  the  old  one.  In  the  latter 
case  a  slight  increase  of  elevation  shortens  the  range,  so  that  the 
two  paths  must  intersect. 

It  is  then  shown  that  the  equation  of  the  curve  of  vertices  is 


=  Mv)£ 


dy 


J/iy)  -Av) ' 

where  the  refractive  index  is 

(the  axis  of  //  being  vertical),  and  b  is  the  vertical  distance  of  the 
eye  from  the  axis  of  x. 

The  author  first  tried  the  cade  of  an  arrangement  of  strata  with  one 
stratum  of  minimum  refractive  index.  As  the  ordinary  change  of  a 
quantity  near  its  minimum  value  is  proportional  to  the  square  of  its 
distance  from  the  minimum,  the  assumption  made  was 

without  any  inquiry  into  the  dynamical  stability  of  such  an  arrange- 
ment in  air. 
Hero,  of  course, 

f=^^^?^log.?^±^^z2. 

This  curve  is  easily  traced  by  drawing,  separately,  the  rectangular 
hyperbola  

and  the  curve  (whose  ordinates  are  the  reciprocals  of  those  of  a 
catenary)  

or 

2b 


€^  +  €-^' 


and  multiplying  together  the  values  of  (  for  each  value  of  i^ 

It  was  then  seen  that  whenever  b  is  greater  than  3.68a,  this 
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cnr?e  can  be  cut  in  three  points  by  a  vertical  line.     Thus  it  was 
seen  that  the  triple  images  of  ships  in  the  offing,  described  by  Yince 
in  the  Bakerian  Lecture  for  1799,  can  be  explained  by  the  assump- 
tion of  one  plane  of  minimum  index ;  or  rather,  as  the  effectiye 
rajs  never  roach  this  plane,  one  plane  of  (approximately)  stationary 
iadez.     But  this  particular  assumed  law  leads  to  variations  of  re- 
fractive index  far  more  rapid  than  can  possibly  exist  in  still  air,  and 
shows  the  two  upper  images  (where  they  exist)  at  a  very  great 
elevation. 

Other  assumptions  were  then  made,  such  as 


f*= 

e 

y* 

f*= 

-Jo? 

sec^ 

e 

-C2, 

M= 

-Ja^ 

-c2 

cos 

9 

&C. 

Xheee  forms  were  assumed  so  as  to  give  a  stationary  plane,  and 

to  give  expressions  (in  the  equation  of  the  curve  of  vertices) 

^^^^^giable  by  circular,  logarithmic,  or  elliptic  functions.     They  all 

^^"v-^  results  more  or  less  resembling  that  already  described,  showing 

*^^^^  images,  but  giving  changes  of  refractive  index  not  likely  to 

^^^^Ur  in  nature. 

"Xlie  author  then  tried  the  supposition  of  a  transition  stratum  of 

^^ite  thickness,  in  which  the  refractive  index  should  vary  continu- 

^^^aly  from  that  of  the  uniform  denser  fluid  below  to  that  of  the 

^^^orm  rarer  fluid  above.      This  is  obviously  the  sort  of  arrange- 

^^^Ht  which  is  most  likely  to  occur  in  nature.     Also  the  calculations 

^^^dy  made  for  the  former  assumptions  could  be  utilised  for  this 

^y  assuming  the  former  laws  of  variation  of  refractive  index  to  hold 

^'^  the  transition  stratum  only.     Then  it  was  at  once  evident  that  the 

^^^^<^e  of  vertices  in  the  transition  stratum  is  asymptotic  to  both 

1        ^^^^Undariee  of  the  stratum,  its  vertex  being  turned  towards  the 

i       ^y^  provided  the  upper  boundary  be  a  stationary  one,  and  it 

I       ^^refore  admits  of  being  cut  in  two  points  by  any  vertical  line 

1       ^hich  is  distant  from  the  eye  by  more  than  a  certain  calculable 

■       amount    This  arrangement  is  easily  shown  to  account  completely 

M      i^  the  two  upper  images  seen  by  Yince.    The  lower  one  is,  of  course, 
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seen  diroctlj  through  the  nearly  uniform  air  below  the  transition 
stratum.  When  the  upper  boundary  is  not  at  least  nearly  a  station- 
ary one,  the  upper  erect  image  Ib  not  formed.  The  figure,  then,  if 
inverted,  gives  the  explanation  of  the  ordinary  mirage  as  seen  in  tbe 
desert. 

The  author  has  since  seen  Wollaston's  account  of  his  successful 
reproduction  of  Vince's  phenomenon  in  the  stratum  of  air  immedi- 
ately below  a  hot  poker.  It  is  quite  clear  that  the  explanation  above 
given  applies  at  once  to  this  experiment,  as  well  as  in  part  to  the 
other  device  employed  by  Wollaston,  viz.,  the  formation  of  a  tran- 
sition layer  between  two  masses  of  liquid  of  different  densities  which 
gradually  diifuse  into  one  another.  The  circumstances  are  here, 
however,  not  identical  with  the  atmospheric  ones,  unless  the  vessel 
containing  the  liquids  is  of  considerable  length ;  so  that  both  object 
and  eye  are  below  the  intermediate  stratum.  Of  coursei  although  a 
transition  stratum  is  spoken  of  as  the  main  cause  of  the  phenooMaony 
it  must  not  be  supposed  that  above  and  below  that  stiatam  Utiue  is 
no  change  of  refractive  index.  Any  law  of  refractive  indoL  wliich 
makes  a  comparatively  rapid  decrease  (ending  with  a  ninr^j  gfcitian- 
ary  state)  through  a  limited  stratum  is  suffioieiii  to  •^^mmit  far 
the  phenomena  observed. 

The  equation  of  the  curve  of  vertices  becomes  in  tbe  eM  of  a 
transition  stratum  of  thickness  6, 


^= 


^•^^''^  {  jmrm  t/  ^^^^F7i^ }  • 


whore  c  is  the  height  of  the  lower  boundary  above  the  eye. 

The  rest  of  the  paper  treats  of  the  application  of  Hamilton's 
methods,  the  modifications  of  the  above  results  due  to  the  earth't 
curvature,  the  apparent  size,  distance,  brightness,  &c.,  of  the  various 
images,  and  refers  to  other  forms  of  the  mirage  phmomeiKm  as 
observed,  for  instance,  in  distortions  of  the  disc  of  the  setting  sun. 

Professor  Everett,  to  whom  the  author  had  communicated  some 
of  the  above  results,  had  favoured  him  with  tho  following  letter 
(dated  Dec.  3,  1881),  expressing  a  desire  that  it  should  be  read  to 
the  Society  along  with  tho  author's  paper : — 

"  The  following  seems  to  me  the  best  way  of  treating  the  mediam 
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li.  log 


ft     y 

0»  +  f»' 


This  is  the  carvatnte  of  a  mxAy  hoiiuntal  nj  at  dietonco  ^  front 
plane  of  minimnm  ft.  It  nauhM  for  y-  0  and  |/ "» ,  and  takes  a 
mazimninfor  ff— a.  Hanee  n^  which  are  Dea4y  horizontal  at  die- 
luoe  approximate^  ftfniB  Uw  plane,  will  go  on  to  meet  raya  whose 
diituue  from  the  ^om  b  ocnuidetahly  gnatei  than  n.  If  a  vesael 
with  parallel  glass  adai  be  tilled  with  a  liquid  in  which  this  law 
hidda  it  will  behare  like  a  cylindrical  lens,  with  a  section  like  thie — 


the  pointa  of  inflexion  of  the  section  being  at  distances  a  from  tho 
Km  The  caustic  will  be  something  like  a  golf -club,  and  two  tan- 
gnts  cao  be  drawn  to  it  from  an  eye  in  the  position  shown  (b;  the 
mall  srole),  one  of  whieb  is  the  line  of  vision  of  a  real  and  inverted 
UBige,  and  the  other  of  an  erect  image. 

"In  tracing  the  analogy  between  a  continuously  varying  medium 
Vid  a  leaa,  denaiion  in  the  case  of  the  lens  corresponds  to  curvature 
■>f  ny  in  the  case  of  the  mediam.  The  lens  in  the  present  case 
Bins  no  deviation  at  the  aids ;  the  deviation  increases  till  wb  come 
to  tlie  pmnt  of  inflexion,  and  then  dimiiiisboa  indotinilely  as  the 
■idei  tend  to  piallsliam,  which  thoy  would  attain  at  an  infinite 
diriuoo. 
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"  la  my  anangemeut  (suggested  by  Maxwell)  of  throe  liquitiU, 
the  corresponding  lens  woald  be  of  this  shape — 


and  gives  triple  images  aocn  in  the  three  lines  of  vision  shown. 
The  middle  one  comee  through  the  convex  portion  and  gives  a  real 
inverted  image ;  the  other  two  come  throagh  concave  portions  and 
give  erect  images. 
"  The  medium 


.V- 


ia  an  unnatural  monster,  giving  infinite  curvature  of  rays,  e 
infinite  values  of  p. 
"  The  equation  of  a  ray  in  the  medium 


.jv«>-<.--.^), 


according  to  the  value  of  c  for  the  ray  in  question ;  thid  quantity  c 
being  the  value  of  /(  cos  fl  for  the  ray.  The  second  equation  is  what 
we  get  when  ca. 

"  Your  '  locus  of  vortices'  belongs,  I  presume,  to  tlie  corves  repre- 
senlfid  by  the  first  of  these  equations,  but  the  tracing  of  it  by 
points  would  take  more  time  than  I  have  at  my  disposaL  Tour 
result  obtained  from  the  'locus  of  vertices'  seems  to  agree  with 
mine  obtained  by  the  foregoing  methods,  except  that  you  pfofass  to 
get  three  images,  and  I  only  gut  two. 
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'*  Some  of  the  properties  of  the  mediam 

(bat  not  the  double-image  property)  are  deduced  in  my  second  paper 
on  'Mirage*  {Phil  Mag.,  April  1873),  sect  xvii.  (6).  See  also 
Bradford  B.  A,  Report^  p.  37,  for  a  triple  image  effect  obtained 
experimentally  with  an  arrangement  of  two  liquids — brine  below, 
vater  above." 

Note  added  by  Professor  Everett,  December  31,  1881. 

Having  had  an  opportunity  of  reading  the  foregoing  abstract,  I 
desire  to  express  my  appreciation  of  the  precision  with  which  Pro- 
fessor Tait's  method  determines  how  many  images,  and  whether 
erect  or  inverted,  will  be  visible  from  a  given  point  Its  practical 
Application^  however,  appears  to  be  somewhat  laborious. 

The  investigation  given  in  the  abstract  really  confirms  my  result, 
^nat  with  the  assumption 

^^  more  than  two  images  can  be  seen  from  a  given  point  in  the 
^  >  for  the  value  of  fi  at  a  point  from  which  three  are  seen  must 

^^ceod  m/E,  whereas  in  reality  fi  in  the  atmosphere  never  exceeds 
1-0005. 

BUSINESS. 

^^  following  candidates  were  balloted  for,  and  declared  duly 

^^^^  Fellows  of  the  Society: — Sir  Peter  Coats,  and  Mr  Andrew 
Noting. 

Monday^  I9th  December  1881. 

DAVID  MILNE  HOME,  LL.D.,  Vice-President, 

in  the  Chair. 

MAKDOUGALL-BRISBANE  PRIZE. 

The  Gooncil  having  awarded  the  Makdougall-Brisbane 
^ize,  for  the  biennial  period  1879-80,  to  Professor  Piazzi 
^^yth,  Astronomer-Boyal  for  Scotland,  for  his  Memoir, 
^titled  "The  Solar  Spectrum  in  1877-78,  with  some  practical 
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idea  of  its  probable  temperature  of  originatioD, "  published  in 
the  Societjr's  Transactions,  vol  xxix.  p.  285,  the  Medal  was 
presented  to  him  by  the  Chairman,  with  the  following 
remarks : — 

The  first  matter  of  public  business  for  to-night  is  to  present  the 
Makdougall-Brisbane  prize  to  Professor  Piazzi  Smyth,  Astronome^ 
Royal  for  Scotland. 

The  terms  of  the  bequest  are — that  **  this  prize  is  to  be  awarded 
biennially  by  the  Council  of  the  Eoyal  Society  of  Edinburgh,  to 
SQch  person,  for  such  purposes,  for  such  objects,  and  in  such  manner 
as  shall  appear  to  them  most  conducive  to  the  promotion  of  the 
interests  of  science." 

The  Council,  after  duly  considering  the  various  papers  published 
in  our  Transactions  during  the  biennial  period,  were  unanimously 
of  opinion  that  it  would  be  conducive  to  the  interests  of  science, 
at  this  time,  to  award  the  prize  to  Professor  Piazzi  Smyth,  on 
account  of  the  merit  of  his  memoir,  published  in  the  last  volume  of 
our  Transactions,  entitled  ''The  Solar  Spectrum  in  1877-78,  with 
some  Practical  Idea  of  its  Probable  Temperature  of  Origination." 

Though  the  abjudication  of  the  prize  rests  entirely  with  the 
Council,  it  has  always  been  the  practice  not  only  to  present  the 
prize  publicly  at  a  general  meeting  of  the  Society,  but  also  to 
indicate  briefly  the  reasons  for  which  the  prize  was  so  adjudged. 

In  endeavouring  to  discharge  the  duty  which  falls  on  me  this 
evening,  let  me  just  say,  with  reference  to  the  subject  of  Professor 
Piazzi  Smyth's  paper,  that  whilst  the  telescope  is  most  valuable, 
indeed  indispensable  for  giving  a  knowledge  of  the  heavenly  bodies, 
the  spectroscope,  invented  only  twenty  years  ago,  affords  informa- 
tion of  an  important  nature  regarding  these  bodies  which  the  tele- 
scope cannot  supply. 

By  the  telescope  we  discover  the  exact  shape,  size,  and  colour, 
of  the  heavenly  bodies,  and  can  descry  many  which  are  not  visible 
to  the  naked  eye. 

By  the  spectroscope  we  have  already  ascertained  Bomething  of 
the  actual  materials  composing  these  bodies,  especially  those  bodies 
which  shine  by  their  own  light  At  all  eventS|  we  have  asceiteined 
by  means  of  that  instrument,  that  numerous  subetancesy  both  solid. 
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and  gaseons,  which  exist  on  our  planet  exist  also  in  many  of 
these  hodiea  It  can  also  indicate,  that  some  of  these  far  distant 
sons  aie  moving  through  space  in  certain  directions,  and  what  is 
their  rate  of  motion. 

Our  own  sun,  as  the  source  to  us  of  heat  and  light,  is  naturally 
and  properly  the  body  to  which  this  wonderful  instrument  haa 
been  most  directed ;  with  the  view  of  detecting  the  different  sub- 
stances which  enter  into  its  structure,  as  weU  as  the  density,  state 
of  aggregation,  &a,  in  which  they  occur,  and  the  n^tes  at  which 
they  are  moving. 

The  result  of  these  spectroscope  researches  has  been  to  discover 

the  nature  of  many  of  these  substances ;  indications  of  them  being 

fonnd  in  the  rays  of  the  sun, — when  these  rays  are  so  divided  and 

exjanded  by  prisms  as  to  show  the  well-known  different  colours 

ez.tending  from  red  to  violet     Among  these  colours,  about  eighty 

years  ago,   certain  black  lines,   i,e.,  lines  devoid  of  lighti  were 

^^iscovered,  which  lonj^  puzzled  philosophers. 

though  our  own  Brewster  in  the  year  1841  conjectured  a  pos- 

^^le  explanation,  which  was  afterwards  found  correct,  I  understand 

^^^^^t  the  true  discovery  of  the  cause  of  these  black  lines  is  due  to 

'^*X)fe68or  Stokes  and  to  the  German  philosopher  Eirchhoff.     They 

^'^'I>Iained  that  the  black  lines  were  due  to  the  absorption  or  reten- 

*'Mi  in  the  sun's  atmosphere  of  certain  dehnite  rays  of  light  conung 

']Q  the  incandescent  surface  of  the  sun  below  its  atmosphere. 

^7  a  set  of  ingenious  chemical  experiments,  which  it  would  be 

^^"^^cieYant  at  present  to  explain,  even  were  it  possible  for  me  to 

^^^   80^  it  was  ascertained  what  these  substances  are  whose  light 

^  ^  interrupted  and  absorbed  by  the  sun's  atmosphere. 

It  is  sufficient  for  me  to  say  that  astronomers  and  chemists  are 
as  to  the  nature  of  many  of  the  substances  ;  and  accordingly 
find  in  the  table  appended  to  Professor  Piazzi  Smyth's  memoir 
^^  names  of  these  substances  as  indicated  by  the  black  lines  in  the 
"^W  spectrum. 

£dore  this  table  was  constructed,  the  best  one  available  was  that 

^'  dofessor  Angstrom  of  Upsala.     But  that  table  was  defective  in 

L        ^«nd  respects,  as  Professor  Piazzi  Smyth  points  out.    Some  of  the 

ft       ^^^  important  black  lines,  at  each  end  of  the  prismatic  scale,  are 

K       ^^«iiting  in  ii     Professor  Smyth  has  supplied  these  blanks,  and  has 
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Ibeen  able  to  enlarge  the  number  of  lines  distinctly  charactensed 
from  1400  to  2000. 

The  reason  why  Angstrom's  table  was  deficient  in  these  respects 
probably  arose  from  the  less  favourable  position  at  Upsala  for 
obtaining  the  sun's  rays.  When  the  body  of  the  sun  is  near  the 
horizon,  as  it  always  is  in  Northern  Europe,  its  rays  before  reaching 
the  earth  must  pass  through  a  thicker  and  denser  portion  of  the 
earth's  atmosphere  than  when  it  is  at  a  greater  angle  of  elevation. 
At  Lisbon  the  observations  could  be,  and  were,  taken  by  Professor 
6myth  when  the  sun  was  at  an  altitude  of  70",  whereas  at  Upsala 
it  would  be  much  lower  even  at  noon. 

Professor  Smyth's  tables  of  these  black  lines  interspersed  among 
the  different  prismatic  colours  are  of  a  most  elaborate,  comprehensive, 
and  evidently  trustworthy  character.  When  he  had  doubts 
whether  any  of  the  black  lines  might  not  have  been  produced,  or 
ki  all  events  affected,  by  the  vapours  of  the  earth's  atmosphere,  he 
says  so. 

The  great  astronomical  value  of  this  table  will  be  at  once 
recognised  by  men  of  science  when  it  becomes  known ;  for  it  will 
afford  the  means  of  ascertaining  whether  any  secular  change  takes 
place  in  the  composition  or  condition  of  the  sun's  atmosphere,  or  in 
the  more  solid  subjacent  parts  of  that  luminary. 

I  understand  that  there  are  'certain  fiiced  stars  known  to 
astronomers  under  the  name  of  variable^  on  account  of  changes 
taking  place  in  their  appearance  as  seen  from  the  eartL  These 
stars  being  in  regions  of  space  far  beyond  our  planetary  system,  any 
change  in  them,  I  presume,  can  have  little  or  no  influence  on  our 
system.  But  it  might  be  greatly  more  serious  for  us  were  im- 
portant changes  to  occur  in  our  sun,  the  centre  of  our  system ; — 
and  these  changes  would  no  doubt  be  at  once  detected  by  means 
of  the  spectroscope,  and  the  comprehensive  diagrams  which  Pro- 
fessor Piazzi  Smyth  has  constructed  of  the  solar  spectrum,  as  it 
now  exists. 

Having  offered  these  explanations,  which,  however,  I  have  done- 
with  the  utmost  diffidence  both  as  regards  this  subject  generally^ 
and  the  merits  of  the  paper  before  us,  it  only  remains  for  me 
deliver  the  prize  into  the  hands  of  the  distinguished  author;  an< 
at  the  same  time  to  offer  to  him  my  humble,  lespectfol,  bat 
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hearty  congratulations  on  his  receiving  to-night  one  of  the  highest 
marks  of  scientific  distinction  which  it  is  in  the  power  of  our  Society 
to  bestow. 


1.  On  the  Application  of  the  Eocks  of  Ben  Nevis  to  Orna- 
mental Art.     By  Sir  E.  Christison,  Bart.,  Ifon,  V,P. 

Many  hundred  tourists  annually  climb  Ben  Nevis,  and  shudder 

when  they  cast  their  eyes  down  its  profound  precipices  ;  but  no  one 

seems  to  bethink  him  that,  to  view  a  great  precipice  aright,  he  should 

^bold  it  from  below,  rather  than  from  above,  and  consequently 

^tat  the  great  North-Eastern  Precipice  should  be  seen  from  the 

▼alley  opposite  its  base.    No  one,  tourist  or  guide,  visits  the  narrow 

'digged  glen  into  which  it   descends ;   few  of  the  neighbouring 

gentry — of  my  acquaintance  at  least — have  made  the  excursion; 

and  the  only  visitors  I  have  heard  of  have  been  a  few  solitary 

geologists  at  long  intervals   of  time.     Nevertheless,  iji   the  year 

^^10,  in  the   first  volume  of  the  Edinburgh   Wemerian   Society 

^^onsacttons,  the  late  Beverejid  Dr.  Macknight,  one  of  the  ministers 

^^  this  city, — a  gentleman  of  many  accomplishments,  and,  among 

^^ese,  skilled  in  geology, — has  interspersed  his  geological  account  of 

*^e  locks  of  the  mountain  with  a  description,  in  the  most  glowing 

■■^iiguage,  of  many  magnificent  scenes  in  its  great  North-Eastern 

"^^ipice.      But  he   appears  to  have  thus   encouraged   only  his 

S'^logical  successors  to  follow  his  example. 

Encooraged  by  his  narrative  and  by  my  persuasion,  one  party  of 
^^^  from  my  autumnal  residence  at  Ballachulish,  and  afterwards 
^^other  of  three  from  the  house  adjoining,  made  out  the  excursion 
■^^t  September;  and  all  returned  with  the  impression  that  they  had 
^keld  one  of  the  most  sublime  scenes  of  the  kind,  which  they  had 
^^joyed  in  the  Highlands  of  Scotland.  My  own  belief  is  that  the 
^^*W8  of  the  precipice  of  Ben  Nevis  from  below  are  the  grandest  in 
^  whole  island. 

Of  the  rocks  composing  the  mountain,  and  especially  of  those  of 

^^  precipice,  Dr.    Macknight   has  given  a  clear  and  satisfactory 

^*^nnt,  according  to   what  was  known  in  his  time  of  the  com- 

P^tion  and  nomenclature  of  rocks.     He  says  the  mountain  rests 
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on  a  plain  consisting  of  gneiss  and  mica-slate;  that  the  base  of  the 
mountain  itself  is  a  beautiful  granite,  or  rather  syenite;  that  this  is 
succeeded  by  a  bed  of  pale  felspathic  porphyry,  consisting  of  a  pale 
reddish  matrix  of  compact  or  amorphous  felspar,  with  numerous 
crystals  of  still  paler  felspar;  that,  when  we  arrive  at  the  base  of 
the  great  North-Eastem  Precipice,  this  rock  acquires  a  greenish- 
black  colour,  apparently  owing  to  the  felspathic  matrix  becoming 
*' impregnated  with  the  matter  of  hornblende";  that  the  whole 
iimnense  mass  of  the  precipice,  a  mile  and  a  half  in  extent,  and 
1500  feet  in  height,  is  composed  of  this  dark  porphyry,  variously 
modified;  and  that  sometimes  the  porphyrising  crystals  of  pale 
felspar  are  so  scanty,  if  not  altogether  wanting,  that  the  rock 
becomes  difficult  to  distinguish  from  basalt  or  clinkstona 

This  description  may  be  applied  to  the  structure  of  the  mountain 
in  the  present  day ;  but  a  more  recent  geology  looks  differently  at 
the  composition  and  nomenclature  of  its  rocks.  I  have  not  seen  a 
later  publication  on  this  subject.  But  Mr.  Clement  L.  Wragge  has 
favoured  me  v^th  a  perusal  of  a  MS.  account  of  it  by  Professor 
Judd  of  London,  who  writes  from  recent  observation,  and  whose 
views  agree  with  those  of  other  geologists  whom  I  have  consulted. 
The  whole  mass  of  the  mountain  is  a  volcanic  protrusion  through 
the  gneiss  and  mica-slate  of  the  plain  below  on  which  the  mountain 
rests.  I  may  here  observe  in  passing,  that,  as  this  substratum  has 
a  dip  from  south  to  north,  mica-slate  shows  itself  as  part  of  the 
mountain  at  its  southern  face,  where  it  forms  the  steep  rugged  north 
slope  of  the  second  reach  of  Glen  Nevis.  Here  there  is  an  extensive 
lofty  terraced  cliff,  consisting  of  a  tough  fine-grained  mica-slate, — 
if  one  may  judge  from  examination  of  the  enormous  blocks  which 
strew  the  bottom  of  the  cliff,  or  the  nature  of  the  fixed  beds  that 
underlie  it.  The  base  of  the  mountain  itself  is  granitic  poiphyrite;  « 
the  porphyrising  ingredient  being  hornblende  in  numerous  crystals.  ^. 
The  whole  prodigious  mass  above,  composing  the  great  North 
Precipice,  is  felstone  porphyrite,  coloured  greenish-black  by  thi 
admixture  of  some  other  mineral,  sometimes  assuming  the 
characters  of  a  simple  porphyry  by  porphyrisation  with  crystals 
greyish-red  felspar, — often  putting  on  the  characters  of  volcanic  ti 
or  breccia  owing  to  disappearance  of  the  felspar  crystals  more  a 
less, — ^and  then  occasionally  becoming  so  dark  that  its  structoie       m 
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a  breccia  is  scarcely  recognisable  with  the  naked  eye,  though  it 
becomes  distinct  when  the  rock  is  polished.  In  the  latter  condition 
it  resembles  clinkstone,  as  Macknight  had  shown.  In  its  more 
distinctly  brecciated  form,  it  resembles  serpentine;  but  it  is  quite 
unassailable  with  the  point  of  the  knife,  while  true  serpentine  is 
scratched  with  great  easa 

No  one  has  yet  tried  to  discover  by  modem  methods  the  nature 
o!  the  dark  greenish-black  matter  which  gives  the  rock  of  the 
precipice  its  characteristic  colour,  and  which  Macknight  assumed  to 
be  bomblenda  But  Professor  Greikie  will  probably  be  able  to  settle 
tbat  question  by  examining,  microscopically,  fine  transparent  sections 
inade  according  to  the  method  of  the  late  Mr.  NicoL 

It  is  singular  that  hitherto  no  one  has  tried  whether  the  rocks  of 

^n  Nevis  can  be  put  to  use.     Some  curiosity-monger  at  least 

iiugbt  have  been  thought  desirous  of  attempting  to  produce  some 

Memorial  of  his  visit  to  these  curious  monuments  of  ancient  volcanic 

^S^ncy,    He  would  then  have  been  surprised  by  the  discovery  that 

^  of  them  are  ornamental  stones  of  considerable  and  sometime^ 

^'^t  beauty. 

In  the  autumn  of  1880  my  sons  brought  down  to  me  from  the 
^^^7  fmmmit  of  the  mountain  a  hand-specimen  broken  off  from  the 
*^Xid  rock,  where  it  protruded  through  the  surrounding  wilderness 
^^  loose  stones  and  blocks.  The  fresh  fracture  showed  it  to  be  a 
^^*7  pretty  felstone-porphyrite ;  and  I  felt  sure  it  would  prove  a 
^^  ornamental  stone,  if  hard  enough  to  take  on  a  high  polish.  Our 
^^Jlfol  lapidary,  ^ir.  Sanderson,  found  it  to  be  the  hardest  rock  he 
^'^  ever  worked ;  and  he  produced  the  little  pyramid,  which  has 
^^^^  already  shown  to  many  members  of  this  Society,  to  their 
^Otire  satisfaction.  Last  autumn  I  resolved  to  obtain,  if  possible, 
^^ger  masses  of  all  the  forms  assumed  by  the  rock  of  the  precipice ; 
^d  my  sons,  entering  into  my  wishes,  brought  down  from  their 
^cnrsiony  already  mentioned,  ample  specimens  for  showing  the 
^'^^azacterB  of  all  the  chief  varieties,  besides  materials  sufficient  for 
^erasing  the  ingenuity  of  Mr.  Sanderson  in  constructing  an 
^^^oUsk,  in  which  he  has  been  eminently  successful  These  speci- 
^^^^^118  are  now  exhibited  to  the  Society.  In  the  obelisk  the  first 
*^p  of  the  basement  is  granitic-porphyrite,  the  second  a  well-marked 
^^Ictone-porphyrite  of  the  dark  kind.     The  plinth  is  an  equally 
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well-marked  serpentinoid  breccia  The  shaft  is  also  the  same 
breccia,  but  so  dark  that  its  nature  is  scarcely  recognisable  in  the 
rough  state  of  the  stone,  or  until  it  is  finely  polished,  and  viewed 
with  bright  light  The  separate  pyramid  is  felstone  porphyrite, 
with  its  porphyrising  felspar  crystals  very  small  This  is  the  only 
specimen  taken  from  the  solid  rock.  But  any  block  or  stone  of  the 
confusion  covering  the  whole  summit,  or  the  slopes  of  the  corries 
which  cut  the  precipice,  will  furnish  the  curious  with  specimens 
equally  characteristic ;  for  the  weathering  does  not  go  deeper  than 
the  thickness  of  fine  pasteboard. 

Let  me  add  that  any  one  who  may  be  inclined  to  make  the 
excursion  to  the  base  of  the  precipice,  should  by  no  means,  unless 
himself  an  experienced  mountaineer,  attempt  it  without  a  good 
guide;  for  the  way  up  the  rugged  precipitous  glen, — chiefly  on 
the  south-west  bank  of  the  valley  stream,  the  AUt'-a-Mhui  (mill 
bum)  linn, — is  tortuous,  scarcely  marked,  and,  in  the  frequent  un- 
expected mists  of  the  mountaio,  such  as  would  be  apt  to  lead,  into 
embarrassment  and  danger.  A  good  view  of  the  whole  precipice 
is  obtained  by  crossing  to  the  north-east  bank  of  the  stream  when 
about  2000  feet  above  Fort- William.  But  the  opportunity  should 
not  be  lost  of  ascending  into  the  Corrie-na-Ciste,  opposite  the 
beholder,  about  1200  feet  higher,  and  surrounding  himself  with  a 
wild  amphitheatre  of  shattered  precipices,  rocks,  blocks,  and  stones, 
without  any  trace  of  the  works  or  habits  of  man  within  his  sight 


2.  On  the  State  of  Carbon  in  Iron  and  Steel :    a  New 
Hypothesis  of  the  Hardening  of  Steel     By  R  Sydney^- 
Marsden,  D.Sc,  F.E.S.E,  &c. 

{Abstract,) 

This  paper  first  treats  of  the  composition  and  properties  of 
different  kinds  of  iron,  known  as  wrought  iron,  steel,  and 
iron,  and  especially  of  the  changes  which  steel  undergoes  on  beL^^^ 
heated  to  redness  and  then  suddenly  cooled  by  plunging  it  iKiiKto 
water,  mercury,  or  oil,  and  known  as  hardening  ;  also  of  the  pecuTSitf 
property  known  as  tempering,  by  which  the  hardness  and  brittle 
ean  be  removed. 
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After  haying  passed  ia  review  the  chief  properties  of  the 
different  kinds  of  iron,  the  paper  goes  on  to  discuss  the  different 
theories  that  have  heen  proposed  to  account  for  these  properties. 

An  objection  ia   raised    against  the    different  theories  which 
consider  the  iron   and  carbon  as  chemically  united  together,  on 
the  grounds  that  if  these  hypotheses  be  true,  we  are  then  presented 
with  an  anomaly  unknown  in   any  other  instance,  viz.,  that  of 
two  elements  uniting  together  in  all  proportions  up  to  a  certain 
point,  and  then  suddenly  losing  this  power,  and  it  is  very  difficult 
to  Mieve  that  such  can  be  the  case,  whOst  another  difficulty  is  the 
&ct  of  the  carbon  being  capable  of  changing  its  condition  and 
passing  in  and  out  of  combination  under  the  action  of  heat  or 
different  methods  of  cooling,  in  a  manner  at  once  extraordinary 
and  totally  different  from  anything  else  with  which  we  are  ac- 
quainted in  the  whole  range  of  chemistry. 

A  new  hypothesis  is  then  given  with  regard  to  the  nature  of 
tH©  different  kinds  of  iron. 

The  carbon  is  considered  to  be  in  a  state  of  solution  in  the  iron, 

*^d  it  IB  shown  (by  analogy  of  what  takes  place  in  the  case  of 

*  Solution  of  carbon  in  silver)  how  if  the  metal  be  cooled  slowly 

^*Xe  carbon  by  preference  crystallises  in  the  graphitic  form,  which 

•■^Hiounts  for  the  carbon  in  slowly  cooled  steel  and  cast  iron  being 

^oiefly  in   that  condition*     But   how   if  the   cooling  be  rapidly 

effected  by  plunging  the  metal  in  water  or  running  it  into  a  cold 

^oxQd  (as  in  chill  casting)  then  the  carbon  is  not  as  it  were  given 

^*^e  option  as  to  which  form  of  crystallisation  it  will  take,  but  is 

'^^laed  to  crystallize  in  the  diamond  form,  and  in  this  way  the 

^^^ixiness  of  steel  and  chilled  cast  iron  is  accounted  for  by  the 

P^^o«ence  of  an  innumerable  quantity  of  excessively  minute  diamond 

points  disseminated  over  the  whole  surface  of  the  hardened  metal 

^^  IB  then  shown  how  (supposing  this  hypothesis  to  be  correct) 

*^h  points  of  difficulty  as    the    following    can  be  explained, 

1.  What  constitutes  the  difference  between  steel  and  white  cast 

iron,  and  between  white  and  grey  cast  irons  1 

2.  Why  steel  requires  some  time  after  fusion  of  the  metal  to 

become  good  steel  1 
3*  How  the  hardening  of  steel  takes  place  1 
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4.  Why  hardened  steel  has  a  less  sp.  gr.  than  unhardened  steel, 

and  why  it  is  so  brittle ) 
0.  How  tempering  is  effected  1 

6.  How  the  passage  of  carbon  from  one  condition  to  another  can 

be  accounted  for  1 

7.  How  rehaidening  takes  place  1 

8.  How  the  brittleness  of  steel  is  removed  by  tempering  1 

9.  Why  hardened  steel  instruments  when  used  gradually  lose 

their  hardness  1 
10.  Why  iron  containing  from  0  4  to  1*7  per  cent  of  carbon  only 
presents  these  properties  of  hardening  and  more  particularly 
of  tempering  that  are  peculiar  to  steel  1 
11«  How  damascened  steel  is  produced) 

Steel  is  regarded  as  a  normal  solution  of  carbon  in  iron,  and  cast 
iron  as  a  supersaturated  solution,  and  it  is  shown  how  the  difference 
between  a  normal  and  asup^orsaturated  solution  is  sufficient  to 
account  for  differences  as  great  as  these  between  steel  and  cast  iron. 
Objections  to  this  hypothesis  are  then  discussed,  particularly  the 
the  two  strongest,  viz.,  (1)  the  production  of  hydrocarbons  when 
hardened  steel  or  white  cast  iron  is  dissolved  in  acids ;  and  (2)  the 
reversed  analogy  of  the  copper  and  tin  alloys  in  favour  of  the 
physical  theory. 


3.  Some  Physical  Experiments  bearing  upon  the  Circulation 
of  the  Blood-Corpuscles.  By  D,  J,  Hamilton,  M.B., 
F.II.C.S.E,,  F*K.S.£. 

{Abstract,) 

When  the  circulation  of  the  blood  is  observed  in  the  tranqpaient 
tissues  of  an  animal,  it  is  noticed  that  the  coloured  corpuscles 
in  the  axial  part  of  the  stream,  while  the  colourless  mostly  keep  i 
the  peripheral  still  current     The  coloured  corpuscles  move  mi 
faster  than  the  colourless;    they  have  also  a  gUding^  while 
colourless  have  a  rotatory,  motion.     Further,  if  the  frog's  web 
examined  in  the  upright  position,  with  the  microscope  inclined        so 
as  to  be  horizontal  with  the  table  on  which  it  is  placed,  it        i$ 
noticed  that  the  great  majority  of  the  leucocytes  not  onlj  Bof^  in 
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the  peripheral  stream,  but  on  the  upper  surf  ace  of  the  vessel.  From 
a  number  of  observatioiis  of  blood-vessels  in  the  frog's  web^ 
examined  in  this  position,  it  was  found  that  for  every  13  leucocytes 
which  are  seen  running  along  the  lower  surface,  there  is  an 
aTerage  of  92  on  the  upper.  In  fact,  the  only  time,  apparently, 
in  which  a  leucocyte  gets  to  the  lower  surface,  is  in  passing  round 
a  curved  capillary,  where,  in  changing  its  position,  the  stream  of 
coloured  corpuscles  prevents  it  from  gaining  the  upper  surface  of 
the  vessel  for  some  distance  If  followed  along  the  stream,  saffi- 
ciently  far,  such  a  leucocyte  is  eventually  found  to  make  its  way 
tbiongh  the  stream  of  coloured  blood-corpuscles  and  to  gain  the 
npper  surface  of  the  vessel 

If  the  freshly-shed  blood  of  a  triton  be  passed  through  a 
capilkry  glass  tube,  in  the  horizontal  position,  or  examined  with 
tli«  microscope  inclined  as  in  the  above  observation,  the  leucocytes 
&re  loond,  almost  without  exception,  to  run  on  the  upper  surface  of 
^he  tube,  the  hsemocytes  in  the  middle  of  the  stream ;  and,  when 
^*l^e  circulation  in  the  tube  ceases,  the  leucocytes  remain  on  the 
^l^]«r  surface,  while  the  coloured  blood-corpuscles  have  a  slight 
*^^^ncy  to  sink  to  the  bottom  of  the  tube. 

If  a  capillary  vessel,  capable  of  admitting  only  a  single  file  of 
'^^^^•corpnscles,  be  examined  in  the  upright  position,  the  colourless 
^^^^^IHiades  are  still  found  to  be  pressed  against  the  upper  surface  of 
^^  vessel  and  to  rotate,  while  the  coloured  pass  along  without 
P^^Qaong  against  either  the  upper  or  lower  surface,  and  have,  even 
^^^  a  gliding  motion. 

I'lom  these  fisusts  the  conclusion  is  drawn  that  the  leucocytes  are 
^^isderably  lighter  than  the  coloured  blood-corpuscles  in  blood 
^^tidating  tJirough  blood-vessels  or  in  freshly-draam  blood.  The 
^loured  blood-corpuscles  must  also  be  in  circulating  blood  (as 
^^tifed  by  the  following  experiments),  of  almost  exactly  the  same 
H^odfic  gravity  as  the  blood-plasma.  If  any  divergence  between 
^^  two  exists  the  coloured  blood-corpuscles  are  slightly  the  heavier. 
'"^^  oolourloss,  on  the  other  hand,  must  be  specifically  consider- 
^^y  lighter  than  the  blood-plasma  in  the  living  condition. 

The  reason  of  the  colourless  corpuscles  not  all  coming  to  the 
^Pper  surface  when  blood  is  freshly  drawn  is  (as  shown  experi- 
mentally), that  the  coloured  blood-corpuscles  are  in  so  much  greater 
Vol  XL  3  b 
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abiindance  than  tho  coloarle8&  The  coloured,  by  their  prepon- 
derance and  slight  downward  tendency  in  shed  blood,  retain  the 
lighter  colourless  corpuscles  in  any  position  in  which  they  may 
have  been  placed,  unless  at  tho  immediate  surface,  where  there  is  a 
possibility  of  escape.  All  observations  on  this  subject  must  be 
made  on  freshly-drawn  blood,  or  on  the  blood  as  it  circulates 
through  the  vessels. 

With  these  data  a  series  of  experiments  was  shown  on  the 
circulation  of  bodies  through  tubes.  The  circulating  liquid  was 
water,  and  the  bodies  employed  for  circulating  in  it  were  made  of 
wax  and  diiferent  heavy  colouring  matters.  Experimenting  first 
with  spheres,  it  was  found  that,  if  a  series  of  these  be  taken  made 
of  wax  and  a  metallic  powder,  so  as  to  be  specifically  considerably 
heavier  than  water ^  the  smaller  the  sphere  is  the  longer  it  takes  to 
pass  along  the  tube.  This  is  explained  entirely  upon  the  relationship 
between  the  specific  gravity  of  (lie  liquid  to  tlie  objects  suspended  in 
it,  Tho  sphere,  when  dropped  into  the  tube  in  which  the  water  is 
circulating,  is  acted  upon  mainly  by  two  forces,  the  one  is  its 

specific  gravity  acting  in  this  case  in  a  down- 
ward direction,  and  which  may  be  represented 
in  magnitude  and  direction  by  the  line  AB 
(fig;  1) ;  while  tho  other  force  is  comprised 
in  the  strata  of  water  acting  in  direction  AC 
^^*  ^'  If    the    lines  AB,  AC  then  represent  in 

magnitude  and  direction  the  two  forces  which  influence  the  sphere 
when  dropped  into  the  current,  it  is  evident  that  the  direction 
which  the  sphere  will  take,  immediately  after  being  immersed,  wilT 


be  that  of  the  diagonal  AD ;  and  consequently  the  heavy  spher^^- 

always  comes,  in  the  course  of  time,  to  tho  bottoi=i= 
of  the  tube.  When  in  this  situation,  the  small^^ 
it  is  the  more  it  is  placed  in  the  slow  strata  -^c] 
liquid  circulating  at  the  periphery  of  the 


while  the  larger  it  is,  within  bounds  which  y^^nU 
Fig.  2.  allow  it  freely  to  rotate,  the  more  of  the  v^rUt 

axial  filaments  of  liquid  impinge  upon  it     Hence  the  laig©  mo^^ns 
faster  than  the  small  sphere.     Fig.  2  will  illustrate  this,  wben 
TTT  represents  a  section  of  the  tube,  and  dbc  the  spheres  of  differen/ 
sizes.      With  spheres  of  specific  gravity  lighter  than  water   ih» 

i 
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same  phenomena  are  noticed,  the  only  differonce  heing  that  they 
mn  along  the  upper  mstead  of  the  lower  surface  of  the  tuhe. 
The  diagram  representing  them  is  seen  in  fig.  3. 

In  the  case  of  spheres  which  are  of  the  same  specific  gravity,  or 

which  differ  only  very  slightly  from  the  specific 

gravity  of  the  liquid  in  which  they  are  immersed, 

the  relationship  is  quite  different      Here  specific 

gravity  heing  alike  hetween  spheres  and  liquid,  one 

of  the    forces    which    formerly    acted   upon    the 

8ph»e  is  removed,  and  the  only  force  now  acting         Fig.  8. 

npoQ  it  is  horizontal,  and  is  represented  hy  the  strata  of  liquid. 

The  friction  is  least  at  the  centre  of  the  tuhe,  greatest  at  the 

periphery.      The    pressure    is    greatest    where    the    resistance   is 

ieaat     Such  spheres,  of  specific  gravity  equal  with  the  liquid, 

^ways,  therefore,  tend  to  he  pressed  into  the  centre  of  the  stream. 

Senee,  the  smaller  they  are  the  faster  they  will 

^^rulate,  hecause  the  small  sphere  comes  in  contact 

^^y  with  the  swift  filaments  of  liquid  in  the  axis, 

^liile  the  larger  it  is  the  more  it  hecomes  arrested 

*^^  its  movement  hy  the  slow  strata  at  the  peri- 

Pl^eiy  of  the  tuhe.     This  is  represented  in  fig.  4.  Fig.  4. 

TAaca  show  exactly  the  same  phenomena,  the  only  qualification 
^^^^ing^  that  when  they  are  lighter  or  heavier  than  the  liquid  they 
^'^^netimes  tend  to  fall  over  on  their  side  rather  than  run  on  their 
^^Ige,  and  this  of  course  creates  a  fallacy.  When  they  are  of 
^I^Qcific  gravity  equal  with  the  liquid  it  does  not  matter  how  they 

The  lighter  and  heavier  spheres,  further,  rotate^  while  those  of 

^^nol  specific  gravity  with  the  liquid  have  the  gliding  motion  of 

^^«  coloured  hlood-corpuscles.     The  former  come  in  contact  with 

^«  wall  of  the  tuhe,  the  friction  against  which  causes  them  to 

^^^^te;  while  the  latter  not  touching  the  tuhe  wall,  instead  of 

^^^ting,  have  a  smooth  gliding  motion. 

Experiments  with  numhers  of  finely  divided  hodies  in  a  capillary 
*^he,  such  as  those  employed  by  Schklarewsky  (Pfliiger's  Archive^ 
^»  1868),  are  fallacious  in  many  respects,  specially  in  the  fact  that 
the  exact  relationship  hetween  the  specific  gravity  of  each  particle 
^^  the  liquid  in  which  it  is  immersed  is  not  known.     Capillary 
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ezperimenta  made  by  the  author  completely  bear  out  those  made 
with  a  larger  tube.  He  has  been  tmable  to  verify  some  of  Schkla- 
rewsky's  statements. 

To  summarise  the  conclusions  arrived  at  in  this  first  part  of  the 
paper  they  are  the  following : — 

1.  If  the  specific  gravity  of  several  different  sized   spheres  is 

greater  or  less  than  the  liquid  in  which  they  are  suspended, 
the  larger  the  sphere,  provided  it  does  not  exactly  fill  the 
tube,  the  quicker  it  circulates. 

2.  If  the  specific  gravity  of  several  different  sized  spheres  is  equal 

with,  or  approaches  close  to,  that  of  the  liquid  in  which 
they  are  suspended,  the  larger  the  sphere  the  slower  it 
circulates. 

3.  Spheres  of  the  same  size,  all  specifically  heavier  or  lighter 

than  the  suspending  liquid,  and  differing  from  each  other  in 
specific  gravity,  move  less  rapidly  the  more  they  diverge  in 
specific  gravity  from  that  of  the  liquid  in  which  they  are 
immersed. 

4.  The  nearer  the  suspended  body  approaches  to  the  specific 

gravity  of  the  liquid  in  which  it  is  suspended,  the  more  it  •  - 
tends  to  occupy  the  centre  of  the  stream. 

5.  If  a  sphere  is  of  the  same  specific  gravity  as  the  liquid  in 

which  it  is  immersed,  whatever  its  size  in  relation  to  the 
tube,  it  will  circulate  quicker  than  any  other  sphere  of  the 
same  size. 

6.  The  same  statements  essentially  hold  good  for  disc& 

7.  Bodies  so  much  heavier  or  lighter  than  the  suspending  liquidHI 

as  to  cause  them  to  come  in  contact  with  the  wall  of  th^B 
tube,  rotate.     Those   whose  specific  gravity  is  equal  witl^l 

that  of  the  suspending  liquid,  running  as  they  do  in  th 

axis,  glide.     This  holds  good  whether  the  body  be  a  spher— : 
or  a  disc 

8.  A  disc  and  a  sphere,  each  of  the  same  specific  gravity  as  tl 

liquid,  of  equal    absolute  weight  and  of  equal 


circulate  in  the  same  time,  and  both  have  a  gliding  motion.  ^^^ 
9.  In  bodies  heavier  or  lighter  than  the  liquid  in  which  they 
immersed,  provided  they  are  so  constructed  as  to  be 
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upon  by  the  same  iilainents  of  liquid,  the  greater  the  mass 
the  slower  the  progress. 

From  these  data  it  is  evident  that  if  the  coloured  blood-corpuscles 
were  not  of  the  same,  or  very  nearly  the  same  specific  gravity  as  the 
blood-plasma,  the  circulation  would  be  a  physical  impossibility. 
The  essence  of  the  blood  circulation  is,  that  the  majority  of  the 
coiposdes  never  touch  the  walls,  and  hence  undue  friction  is 
avoided 

It  is  further  probable  that,  in  hydrsBmia  or  other  blood  disease, 
wbeie  the  specific  gravity  of  the  plasma  is  altered,  the  evidences  of 
vascular  disturbance  may  be  due  to  obstruction  to  the  onflow  of  the 
coTpuBcles  owing  to  an  abnormal  relationship  between  them  and  the 
pWna. 

The  dropsy  of  albuminuria  may  be  accounted  for  by  the  increased 
friction  of  the  circulating  blood,  caused  by  the  alteration  of  the 
Bpedfic  gravity  of  the  plasma,  from  loss  of  albumin,  giving  rise  to 
u^ciQSBed  tension.  This  may  also  account  for  the  passive  conges- 
^iona  and  inflammations  which  occur  under  these  conditions. 

That  a  proper  relationship  between  the  specific  gravity  of  the 

^lood-plasma  and  the  bodies  suspended  in  it  is  absolutely  necessary 

for  the  easy  circulation  of  the  blood,  is  shown  by  several  striking 

^^rvations.     Milk,   if   injected    into  a  vein,   has  the    greatest 

^^^ffieolty  in  passing  through  the  pulmonary  capillaries ;  its  particles 

^^  too  light,  and  become  arrested.     Oil  globules,  when  they  gain 

f^traiuse  into  the  circulation,  as  after  fracture  of  certain  bones,  and 

^^  the  lipeemia  of  diabetes  millitus,  frequently  produce  fatal  results, 

^Y  the  same  reason.     The  entrance  of  air  into  the  circulation  brings 

^^t  a  fatal  result,  probably  from  the  same  causa     It  gives  rise 

^^  <iir  embolitm. 

Experiments  were  next  shown  with  a  curved  tube  to  illustrate 
^^^it  is  that,  as  the  blood-current  becomes  retarded  in  inflammation, 
^^^^as  stasis  is  approached,  the  leucocytes  tend  to  accumulate  at 
^^  periphery  of  the  vessel  A  light  sphere,  introduced  into  the 
^^^^^^  tube  with  a  slow  stream  cannot  pass  the  first  curve  of  the 
^^l)e,  and  becomes  arrested  at  its  periphery.  A  sphere  of  the  same 
Specific  gravity  as  water,  however,  passes  through  the  curved  tube 
^^  the  greatest  ease.     A  filtering  action  is  thus  exerted  by  the 
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tube,  as  regards  the  leucocytes,  when  the  current  becomes  d 
while  the  coloured  blood-corpusdes  pass  onwards  without  imp 
ment  When  the  stream  is  rendered  more  powerful  the  ligl 
spheres  are  also  carried  along. 

Another  experiment  was  shown  to  illustrate  how  it  is  that 
inflammation  the  leucocytes,  after  they  have  accumulated  in 
peripheral  layer,  are  driven  through  the  wall  of  the  vessel  A  t 
was  employed  from  which  a  portion,  6  inches  long  and  for  about  1 
its  circumference,  had  been  cut  out.  This  was  covered  with  a  ma 
brane  in  which  were  several  pin-point  apertures.  Pieces  of  a  t 
solution  of  gelatine,  about  half  an  inch  square,  were  introduced  i 
the  tube.  So  long  as  the  distal  end  of  the  tube  is  freely  open, 
water  has  only  a  slight  tendency  to  exude  from  the  apertures,  i 
the  pieces  of  gelatine  have  not  any  tendency  to  do  so.  Wh 
however,  the  end  of  the  tube  is  closed  or  partially  obstructed, 
membrane  becomes  distended.  From  the  apertures  in  it  little ; 
of  water  issue,  and  very  soon  the  pieces  of  gelatine  are  attrac 
to  the  apertures,  and  are  extruded  from  them  in  great  numb 
though  the  pieces  of  gelatine  are  probably  from  thirty  to  si 
times  as  large  as  the  apertures  through  which  they  make  their  e 
There  is  first  noticed  a  little  bud-like  process  outside  the  aperto 
this  enlarges,  and  soon  the  whole  mass  is  pushed  through  exac 
like  a  leucocyte  in  an  inflamed  part. 

The  conclusions  from  this  experiment,  and  fi^m  other  consic 
ations  are : — 

1.  That  the  leucocytes  in  inflammation  are  driven  through 

natural  apertures  in  the  vessel  wall  by  the  diverted  bio 
pressure. 

2.  That  the  reason  of  their  being  extruded  in  numbers  gm 

than  the  coloured  blood-corpuscles  is  that  in  the  slowing 
the  blood  stream,  previous  to  their  diapedeeis,  they  hi 
accumulated  at  the  periphery,  and  are  applied  over  i 
apertures  in  the  vessel  in  preference  to  the  coloured  c 
puscles,  which  are  still  circulating  in  its  axia  If  the  ciz 
lation  is  suddenly  arrested,  as  by  ligature  of  a  veis,1 
coloured  corpuscles  pass  through  the  wall  in  much  gm 
numbers  than  the  colourless,  the  reason  being  that  there  1 
not  been  time  to  form  a  peripheral  layer  of  leucoeytea. 
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3.  The  amoeboid  movements  of  the  leucocytes  may  assist  in  their 
extrusion,  but  they  are  certainly  not  the  primary  factor  in 
the  act.  Any  soft  pliable  bodies  would  similarly  be  extruded 
under  the  same  circumstances.  In  lipsemia  oil  globules 
pass  through  the  vessel  walls,  where  there  is  obstruction, 
in  great  numbers,  and  form  abscess-like  collections  of  oil 
outside  and  around  it 

Mr  Geddes  exhibited  living  specimens  of  Convoluta  Schvltzii, 
his  paper  {^ride  infra)  being  postponed  on  account  of  the  late- 
1^688  of  the  hour. 


Monday,  l&th  January  1882. 

Sir  WILLIAM  THOMSON,  Hon.  Vice-President, 

iu  the  Chair. 

The  following  Communications  were  read : — 

On  the  Nature  and  Functions  of  the  "  Yellow  Cells"  of 
Sadiolarians  and  Coelenterates.     By  Patrick  Geddes. 


It  IB  now  nearly  forty  years  since  the  presence  of  chlorophyll  in 

species  of  Planarians  was  recognised  by  Schultze.''^     Later 

^^^Qrvers  recognised  that  tiie  green  colour  of  certain  Infusorians,  of 

^^  common  fresh-water  hydra  {Hydra  viridis)^  and  of  the  fresh- 

^ter  sponge  {SponyiUa  fiuviatilis),  was  due  to  the  same  pigment, 

^t   little  more  attention   was  paid    to    the    subject  until  Ray 

^^^ester  applied    the    spectroscope    to    its   investigation.       He 

^^  confirmed   the   presence  of    chlorophyll  in  those    animals, 

'^^    extended    the    list    of    chlorophyll-containing    animals    as 

^^Uows  it- 
Infusoria,    Stentor    Midleri,    &c. ;    Foraminifera ;     Radiolaria, 

*  Beiirdge  t,  NaturgeschiehU  d.  Turbcllarien,  1851. 

t  Sachfi,  A  Text-Book  of  Botany  (English  edition),  p.  687,  note. 
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Raphidiophrya  viridis,  Heterophrys  myriapoda ;  CoBlenteiaia, 
Spmigilla  fiumatilis^  Hydra  viridiSf  AntJiea  cereuSj  v.  smaragdina  ; 
VenneSy  Mesostomum  virtde,  BoneUia  viridiSy  Chcetopterug  Vcdenr 
ciennesii  ;  Crustacea,  Idotea  viridis. 

The  main  interest  of  the  question,  of  course,  lies  in  its  bearing  on 
the  long-disputed  relations  between  plants  and  animals ;  for,  since 
neither  locomotion  nor  irritability  are  characteristic  of  animab, 
since  many  insectivorous  plants  habitually  take  in  and  digest  solid 
food,  since  cellulose — that  most  distinctive  of  vegetable  products — 
is  practically  identical  with  the  tunicin  of  Ascidians,  it  becomes  of 
the  greatest  interest  to  know  whether  the  chlorophyll  of  am'Tnftla^ 
as  believed  by  Claude  Bernard,  preserves  its  ordinary  vegetable 
function  of  effecting,  or  at  any  rate  aiding,  the  decomposition  of 
carbonic  anhydride  in  sunlight,  and  the  synthetic  production  of 
starch.*  For  although  it  had  long  been  known  that  Eugletui 
evolved  oxygen  in  sunlight,  the  animal  nature  of  such  an  organism 
was  thereby  rendered  more,  doubtful  than  ever. 

In  1878,  however,  while  working  at  the  zoological  station  of 
M.  de  Lacaze-Duthiers  at  Roscof^  I  had  the  good  fortune  to  find 
material  for  the  solution  of  the  problem  in  the  chlorophyll-green 
Planarian  (Convoluta  Schvltzii,  O.  Schm.),  of  which  multitudes  are 
to  be  found  in  certain  localities  on  the  coast,  lying  on  the  sand 
covered  by  only  an  inch  or  two  of  water,  and  apparently  basking  in 
the  sun.  It  was  only  necessary  to  expose  a  quantity  of  these 
animals  to  direct  sunlight  to  observe  the  rapid  evolution  of  bubbles 
of  gas,  which,  when  collected  and  analysed,  yielded  from  45  to  55 
per  cent,  of  oxygen.  Both  chemical  and  histological  observations 
showed  the  abundant  presence  of  starch  in  the  green  cells,  and  th 
these  animals,  and  presumably  also  Hydra^  SpongiUct,  &c., 
shown  to  be  truly  "  vegetating  animals."  f 

Being  at  Naples  early  in  the  spring  of  1879,  I  exposed  to 
light  such  of  the  other  reputedly  chlorophyll-containing  animals  i 
1  could  obtain  there,  namely,  Bondlia  viridia  and  Idotea  viridU^ 

*  *' Certain  animals  {Infusoriat  CcBlejUeraUif  TurbeUaria)  possess  cbloi 
phyll,  but  there  is  no  evidence  to  show  what  part  it  plays  in  their  eoonom] 
Huxley,  Anat.  of  Invert.  Animals^  1877,  p.  43. 

t  '*Sur  la  Chlorophylle  Animale,"  &c..  Archives  de  Zool.  Sxp.,  1880, 
Proc,  Boy.  Soc.  Lvnd,^  1879. 

X  Ibid.f  Postacriptum. 
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while  Kmkenbeig  had  been  making  the  same  experiment  with 

BmeUia  and  ArUhea  eereiis  at  Trieste.*     Our  results  were  totally 

negative,  but  so  far  as  BoneUia  was  concerned  this  was  scarcely  to 

l)e  wondered  at,   since  the  later  spectroscopic  investigations  of 

Sorby  and  Schenck    had    corroborated  the    opinion    of  Lacaze- 

Dutbiersf  as  to  the  complete  distinctness  of  its  pigment  from 

cblorophylL     Erukenberg,  too,  who  follows  Sorby  in  terming  it 

hndUi%  has  recently  figured  the  spectra  of  Anthea-green,^  which 

alao  differs  considerably  from  chlorophyll,  while  I  am  strongly 

of  opinion  that  the  pigment  of  the  green  Crustaceans  (Idotea,  &c.), 

is  even  more  distinct,  having  not  improbably  a  merely  protective 

lesemblance.      I  have  ako  exposed   to  light   the  green  shrimp 

[Pdkmon  viridis),  the  greeu  polychaete  annelid  {Phyllodoce  viridis)^ 

Chatopterus  Vcdenciennesii^  and  a  small  greenish  Tectibranchiate 

loollusc,  Dolahdla  sp.,  but  as  I  had  expected,  without  finding  the 

^htest  evolution  of  oxygen  take  placa 

We  may  now  pass  to  the  discussion  of  the  proper  subject  of  the 

V^^^^X  paper,   the  long  outstanding  enigma  of  the  nature  and 

"Actions  of    the    "yellow    cells"   of    Radiolarians,   &c.      These 

^^^^,  which  were  first  so  called  by  Huxley  in  his  description  of 

^^^hggicoUa,  are  small  bodies  of  distinctly  cellular  nature,  with  a 

^'Wall,  well-defined  nucleus,  and  protoplasmic  contents  saturated 

^  *  yellow  pigment.     They  multiply  rapidly  by  transverse  fissioni 

^^  are  present  in  almost  all  Eadiolarians,  but  in  very  variable 

^ber.    Johannes  Miiller  at  first  supposed  them  to  be  concerned 

^^  the  reproduction  of  the  Radiolarian,  but  afterwards  gave  up 

^  view.     In  his  famous  monograph,  Haeckel§  suggests  that  they 

^^  ptx)bably  secreting  cells  or  digestive  glands  in  the  simplest  form, 

^^  Compares  them  to  the  liver-cells  of  Amphioxus,  and  the  liver- 

^^  described  by  Vogt,||  in  Vddla  and  Porpiia.     Later,  he  made 

7^  ^markable  discovery  th^t  starch  was  present  in  notable  quan- 

^  in  these  yellow  cells,  and  considered  this  as  cod  firming  his  view 


*  FergUiehend  Physiologiache  Studien,  Bd.  I.  Abth.  1,  p.  167. 

t  '*  Anat.  de  la  Bonellie,"  Ann,  d.  Sci,  Nat,  ZooL,  4  S^r.  torn.  x. 

X  Fergl  Physiol  Studien,  Bd.  I.  AbtheU  2,  p.  76. 

f  Die  Badiolarien,  p.  186. 

I  **Siir  lea  Siphonophores,"  &c.,  Inst,  Nat,  Ointvois,  torn.  L  1854. 

^^l-XL  3o 
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that  these  cells  were  in  some  way  related  to  the  f  anction 
tion,*  particularly  as  stores  of  reserve-materiaL 

In  1871  a  very  remarkable  contribution  to  our  kno^ 
made  by  Gienkowski,!  who  strongly  expressed  his  opi 
these  yellow  cells  were  parasitic  algas,  pointing  out  thai 
evidence  of  their  Radiolarian  nature  was  famished  by  thei 
occurrence  in  most  members  of  the  group.  He  showed 
were  capable  not  only  of  surviving  the  death  of  the  E 
for  a  week  or  more,  but  even  of  multiplying,  and  of  passin 
an  encysted  and  an  amoeboid  state  (phenomena  which, 
indeed  deciding  the  significance  of  the  yellow  cells,  are  3 
highest  degree  foreign  to  the  life  processes  of  the  Eadiolai 
urged  their  mode  of  multiplication,  and  the  great  variabili 
number  within  the  same  species,  as  further  evidence  of  t 
of  his  view. 

The  next  important  work  was  that  of  lUchard  Hert? 
lished  five  years  later.  He  inclined  to  think  that  these  c 
times  developed  from  the  protoplasm  of  the  Radiolarian, 
to  verify  the  observations  of  Cienkowski,  suggesting  tl 
higher  organisms,  one  portion  might  continue  in  life  for  { 
after  the  rest,  without  thereby  proving  its  distinctness, 
eluding  with  Hseckel,  that  the  yellow  cells  '*  fur  den  St 
der  Badiolarien  von  Bedeutung  sind,"  and  that  their  mail 
was  to  store  up  reserve-material,  starch,  d^c,  until  the 
should  require  it.  In  a  later  publication,  however,  §  he  h 
decide  as  to  'Hhis  most  controverted  point  of  Eadiolfl 
phology,"  and  limits  himself  to  suggesting  two  conside 
favour  of  their  parasitic  nature ;  first,  that  yellow  cells 
found  in  Hadiolarians  which  possess  only  a  single  nudeua 
the  origin  of  their  nuclei  from  that  of  the  Badiolarian 
improbable;  and  secondly,  that  they  are  absent  in  a  gi 
species. 

A  later  investigator,  Dr.  Brandt  ||  of  Berlin,  has  compl 

*  **  Amylum  in  d.  gelben  Zcllen  d.  Radiolarion,"  Jena  Zeitschr.^  IJ 
t  **  Ueber  Schwannerbildung  bei  Radiolaricn,"  Archiv,  Mikr,  A 
X  Zur  Histologic  d,  Eadiolarim,  Leipzig,  1876. 
§  '*Der  Organismus  d.  Radiolarien,"  Jena  Denk9chr\fUn,  1879. 
D  *'  Untersuchmigen  an  Radiolarien,"  Monatsb.  Akad,  Wiu,^  R 
p.  888. 
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firmed  the  main  discovery  of  Cienkowski,  since  ho  finds  the  yellow 
cells  to  survive  for  no  less  than  two  months  after  the  death  of  the 
Eadiolarian,  and  even  to  continue  to  live  in  the  gelatinous  investment 
from  which  the  protoplasm  had  long  departed  in  the  form  of  swarm- 
fipores.     He  sums  up  strongly  in  favour  of  their  parasitic  nature, 
urging,  besides  the  arguments  of  Cienkowski  and  Hertwig,  their 
great  agreement  in  families  otherwise  widely  different.     The  exist- 
ence of  similar  cells  in  certain  Actinians,  and  their  resemblance  to  a 
parasitic  organism  discovered  by  him  in  Actinosphcerium,  as  well 
as  the  fact  that  they  first  make  their  appearance  in  the  outer  parts 
of  the  jelly  of  the  young  Collozoum,  and  gradually  make  their  way 
uiwards.     He  found,  too,  that  the  nuclei  of  the  yellow  cells  stains 
more  deeply  with  carmine  than  that  of    the  Eadiolarian,  and, 
although  failing  to  confirm  Haeckel's  discovery  of  starch,  he  con- 
cluded that  the  membrane  consists  of  cellulose,  since  it  gave  a 
Muisix  tinge  with  acid  solution  of  iodine. 

Meanwhile  similar  paradoxical  bodies  were  being  described  by  the 

^Investigators  of  other  animal  groups.    HaBckel  had  already  compared 

**^  yellow  cells  of  Eadiolarians  to  the  liver  cells  of  Velella,*  but  the 

^others  Hertwigt  first  called  attention  to  the  subject  by  expressing 

^^i^ir  opinion  that  the  well-known  "  pigment  bodies  "  described  by 

^^ider^  and  others  in  the  endoderm  cells  of  the  tentacles  of  many 

^^^Mmemones  were  also  parasitic  algae.     This  opinion  was  founded 

^^  their  occasional  occurrence  outside  the  body  of  the  anemone,  on 

^Qeir  irregular  distribution  in  various  species,  and  on  their  resem- 

"larice  to  the  yellow  cells  of  Eadiolarians.      But  they  failed  to 

^^^^^nstrate  the  presence  of  starch,  cellulose,  or  chlorophylL     My 

^^&d.  Dr.  Angelo  Andres,  has  also  studied  them  in  many  genera 

*^  spedes  of  anemone&     Korotneflf§  has  recently  described  and 

^^'iied  similar  cells  from  the  endoderm  of  Myriofhela,  and  M.  de 

-'"I-exejkowsky  informs  me  that  he  has  made  similar  observations  in 

^^o  Infogorians,  Ceratium  tripos  and  Vorticella,  n.  sp.     Moseley|| 

^^  obaerved  somewhat  similar  bodies  in  Orlntolites,  and  LankesterIF 

Zak.  eit. 
^  ''Die  Actinien,*'  Jena  Zeitachr,,  1879,  p.  495,  plate  xix. 
"^  •*  Ueber  Sagartia  troglodytes,"  SUzungsb.  d.  JVien,  Akad.,  1877,  p.  886. 
8  On  **Muriothela  (Russian),"  Soc.  Nat.  Hist.  Moscow,  1881. 
^  ^otes  qfa  Naturalist  on  the  Challenger,  p.  293. 
^  **  On  HaHphysema,"  Quart,  Jour,  Micro,  Sci.,  1879,  p., 482. 
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1  HaltphyaenuL    All  these  natoralistB  hold  more  or  ksB  stroiD^y  the 
Ame  view  as  the  brothers  Hertwig. 

The  last  of  this  long  series  of  researches  is  that  of  Hamann,*  who 
has  investigated  the  similar  structures  which  occur  in  the  oral  region 
of  many  Ehisostome  Medusaa.  While  adopting  the  view  of  Cien- 
kowski  as  to  the  parasitic  nature  of  the  yellow  cells  of  Badiolarians, 
he  maintains  that  those  of  anemones  and  jelly-fishes  give  quite 
diffisient  chemical  reactions,  and  are  to  be  regarded  as  unicellular 
glanda. 

In  the  hope  of  clearing  up  these  contradictions,  I  returned  to 
Naples  in  October  last,  and  first  convinced  myself  of  the  accuracy 
of  the  observations  of  Cienkowski  and  Brandt  as  to  the  survival  of 
the  yellow  cells  in  the  bodies  of  dead  Eadiolarians,  and  their  assump- 
tion of  the  encysted  amoeboid  stato&     Their  mode  of  division  is 
thoroughly  algoid  ;  just  as  in  rapidly  dividing  Protoeoccm  one  finds 
not  unfrequently  groups  of  three  and  four.     Starch  is  invariably 
present  in  notable  quantity,  as  described  by  Hsckel ;  the  cell-wall 
is  of  true  plant  cellulose,  and  yields  a  magnificent  blue  with  iodine 
and  sulphuric  acid,  while  the  yellow  colouring  matter  is  identical 
with  that  of  diatoms,  and  yields  the  same  greenish  residue  after 
treatment  with  alcohoL     So,  too,  in  VdeUa,  in  sea-anemones,  and  in 
a  Rhizoetome  medusa  {Cassiopeia  borbonica)  in  all  cases  the  proto- 
plasm and  nucleus,  the  cellulose,  starch,  and  chlorophyll,  can  be  mad( 
out  in  the  most  perfectly  distinct  way.     The  failures  of  fonnei 
observers  in  obtaining  these  reactions  (in  which  I  at  first 
shared)  have  been  simply  due  to  neglect  of  the  ordinary  bo 
precautions.!      Such  reactions  will  not  succeed  until  the  anim 
tissue  has  been  preserved  in  alcohol,  and  macerated  for  some  ho 
in  a  weak  solution  of  caustic  potash.     Then,  after  neutralising 
alkali  by  means  of  dilute  acetic  acid,  and  adding  a  weak  solution  m^ho/ 
iodine,  followed  by  strong  sulphuric  acid,  the  presence  of  starch  ai       ad 
cellulose  can  be  successively  demonstrated  in  the  same  preparatic^    n. 
Thus,  then,  the  chemical  composition,  as  well  as  the  structure  a^^<f 
mode  of  division  of  these  yellow  cells  are  those  of  unicellular  alg^^sa 
I  therefore  propose  for  this  alga  the  generic  name  of  Philozo  fcm, 
and  distin^ish  four  species,  differing  slightiy  in  size,  tint^  mc^de 

*  ''  Die  Mandarme  d.  Khizostomen/'  Jena  ZeUBGhr,^  18DL 
t  Pfeffer,  "  Pflanzenphysiologie,"  Bd.  I.  p.  196. 
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of  divisioii,  &c,  to  which  the  names  of  P.  radiolaiiaruniy  P, 
nphonophorumy  P.  acliniarum,  and  P,  medtmarum^  according  to 
their  habitat,  may  conveniently  be  applied. 

It  now  lemains  to  inquire  what  is  the  mode  of  life  and  what  the 

function  of  such  organisms.     I  accordingly  exposed  a  quantity  of 

Badiolanans,  chiefly   Collozoum    inerme^   to    sunshine,   and    was 

delighted  to  find  them    soon    studded  with  tiny  gas    bubbles. 

JUthough  it  was  not  possible  to  obtain  enough  for  a  quantitative 

snalysiB,  I  was  able  to  satisfy  myself  that  the  gas  was  not  absorbed 

l^y  caustic  potash,  but  was  partly  taken  up  when  pyrogallic  acid  was 

added.     Thus  little  or  no  carbonic  acid  was  present;  but  a  fair 

ajnonnt  of  oxygen  was  present,  diluted,  of  course,  by  nitrogen.     The* 

^sposure  of  a  shoal  of   the  beautiful  blue  pelagic  siphonophore 

^^eUa  for  a  few  hours  enabled  me  to  collect  a  large  quantity  of  gas, 

'•^hich  yielded  from  21  to  24  per  cent,  of  oxygen,  that  subsequently 

^oeezed  out  of  the  interior  of  the  chambered  cartilaginous  float, 

^viiig  only  5  per  cent     But  the  most  startling  result  was  obtained 

"y  the  exposure  of  the  common  Anthea  cereus,  which  yielded  great 

^^'Aiitities  of  gas,  containing  on  an  average  from  32  to  38  per  cent. 

^^  oxygen.* 

At  first  sight  it  might  seem  impossible  to  reconcile  this  copious 

^'^olntion  of  oxygen  with  the  completely  negative  results  obtained 

'^^  the  same  animal  by  so  careful  an  experimenter  as  Kruken- 

^^'Ig,   yet  the  difficulty  is   more  apparent  than  real      I  was  at 

^^^gth   able   to    obtain,    through   the   kindness   of  Dr.    Andres, 

^rge   and  beautiful   specimen   of  Antliea  cereus,   var,   smarag- 

^'iQ,   which    has   its    tentacles    tipped   with   purple,   and    of    a 

^^    more  beautiful  green  than  that  with  which   I  had  before 

^^^  operating,   the  dingy  brownish  olive  var.  plumosa.      The 

^^^er    owes    its    colour    to  a    green    pigment    diffused    chiefly 

^^*^^h  the  ectoderm,   but  has  comparatively  few  algae  in  its 

^^oderm,  while  in  the  latter  the  ectodermic  pigment  is  present  in 

^^  reduced  quantity,  but  the  endoderm  cells  are  crowded  with 

8^    The  specimen  just  referred  to,  and  also  one  oiphimosaj  were 

*^^ced  in  similar  vessels  side  by  side,  and  exposed  to  full  sunshine ; 

^  afternoon  the  specimen  of  plumosa  had  evolved  gas  enough  for 

The  amount  of  gas  taken  for  analysis  varied  between  2  and  5  cc,  and 
^^•*>ged  about  8'6cc. 
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an  analysis,  while  the  larger  and  finer  smaragdtna  had  sc 
produced  a  bubble.  Two  varieties  of  Ceriaciis  aurautiaec 
with,  the  other  without,  yellow  cells,  were  next  exposed,  ^ 
precisely  similar  result.  The  complete  dependence  of  the  evo 
of  oxygen  upon  the  presence  of  algae,  and  its  complete  indepes 
of  the  pigment  proper  to  the  animal  was  still  farther  demons 
by  exposing  as  many  as  possible  of  those  known  to  contain  ] 
colls  (Aiptcma  chairueleon,  Helianthvs  troglodytes^  &c.),  side  b 
with  a  laige  number  of  forms  from  which  these  are  absent 
as  the  green  AcHnia  cari,  Actinia  mesemhryanthemumy  Sa 
parasitica,  Cerianthus,  &c. '  The  former  never  failed  to 
abundant  gas  rich  in  oxygen,  while  in  the  lattsr  series  not  a 
bubble  ever  appeared. 

Thus,  then,  the  colouring  matter  of  Anthe-a,  described  as  c 
phyll  by  Lankester,  has  really  been  mainly  derived  from  that 
endodermal  algSB  of  the  variety  plumosa,  which  predomina 
iN'aples,  while  the  Anthea-green  of  Krukenberg  must  mainly  c 
of  the  green  pigment  of  the  ectoderm,  since  the  Trieste  variet 
dently  does  not  contain  algae  in  any  great  quantity.  But  sin< 
Naples  variety,  contrary  to  the  opinion  of  the  brothers  Herl 
does  contain  a  certain  amount  of  ordinary  green  pigment,  and 
the  Trieste  variety  is  tolerably  sure  to  contain  some  algsB,  I 
having  indeed  shown  the  presence  of  yellow  cells  in  Sagariiaj 
spectroscopists  have  thus  been  operating  on  a  mixture  of  two  ^ 
distinct  pigments — one  vegetable,  the  other  animal — diatom-]f 
and  Anthea-green. 

But  what  is  the  physiological  relationship  of  the  planti 
animal  thus  so  curiously  and  so  intimately  associated  1  Eve 
knows  that  the  colourless  cells  of  a  plant  share  the  starch  formi 
the  green  cells,  and,  in  fact,  subsist  at  their  expense,  and  it  i 
impossible  to  doubt  that  the  animal  cell  must  similarly  profit  1 
labours.  In  other  words,  when  the  vegetable  cell  dissolves  iti 
starch,  some  must  needs  pass  out  by  osmosis  into  the  d 
enveloping  protoplasm  of  the  surrounding  animal  cell,  nor  mi 
be  forgotten  that  the  latter  possesses  abundance  of  amyli 
ferment.  Then,  too,  the  Philozoon  is  subservient  in  another 
to  the  nutritive  functions  of    the    animal,  for    it  dies  ai 

*  Cf,,  Hsckel,  J&i\a  ZcUschr.^  1870,  p.  582* 
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digested ;  the  yellow  masses  supposed  by  varioiis  observers  to  be 
developing  cells,  being  sometimes,  no  doubt,  Tintinnoids  in  process 
of  digestion,  as  supposed  by  Cienkowski,  but  much  more  frequently 
specimens  of  Philozoon  in  progress  of  solution  and  disappearance. 

Again,  the  animal  cell  is  constantly  producing  carbonic  acid  and 
nitrogenous  waste,  but  these  are  the  first  necessities  of  life  to  our 
alga,  which  removes  them,  so  performing  an  intracellular  renal 
function,  and,  of  course,  reaping  an  abundant  reward,  as  its  rapid 
rate  of  multiplication  shows. 

Nor  do  the  services  of  the  Philozoon  end  here,  for  during  sunlight 

it  18  constantly  evolving  nascent  oxygen  directly  into  the  surrounding 

animal  protoplasm,  and  thus  we  have  actually  foreign  vegetable 

cilorophyll  performing  the  respiratory  functions  of  native  animal 

^^moglobin.     And  the  resemblance  becomes  closer  when  we  bear 

^^  mind  that  it  has  been  shown  that  haemoglobin  frequently  lies  as 

^  stationary  deposit  in  certain  tissues  like  the  tongue  muscles  of 

^^Jtain  molluscs,''^  and  the  nerve-cord  of  Aphrodite  and  Nemerteans. 

The  importance  of  this  respiratory  function  is  well  shown  by 

^^^Uparing  specimens  of  the  common   red  and   white    Oorgonia^ 

^^*Uch  are  usually  considered  as  being  mere  varieties  of  the  same 

G,  verrucosa.      The  red  variety  is  absolutely  free  from 

^9  which  of  course  could  not  exist  in  such  deeply  coloured  light, 

^^l^ile  the  white  variety,  which  I  am  inclined  to  think  usually  the 

^^•^xoxnoner,  larger,  and  better  grown  of  the  two,  is  perfectly  crammed. 

^^at  as  with  the  anemones  above  referred  to,  the  red  variety  evolves 

^^  oxygen  in  sunlight,  while  the  white  yields  abundance,  and  we 

*^^Ve  thus  two  widely  contrasted  physiological  varietieSy  as  we  may 

^^^U  them,  without  the  least  morphological  difference.     The  white 

*P^cimen,  placed  in  spirit,  yields  a  strong  solution  of  chlorophyll ; 

j^  led  again  gives  a  red  solution,  which  was  recognised  as  contain- 

^^  "  tetronerythrin  "  by  my  friend  M.  Merejkowsky,  who  was  at  the 

^^'^  time  and  place  investigating  the  distribution  and  properties 

^  that  remarkable  pigment,  so  widely  distributed  in  the  animal 

^gdom.    This  substance,  which  was  first  discovered  in  the  red 

Patches  which  decorate  the  neck  and  head  of  many  birds,  has 

^^<*ntly  heen  shown  by  Krukenbergf   to  be   one  of  the  most 

*  Lonkester,  Brit,  Ass.,  1871,  p.  140. 

t  VergUkh.  Physiol  Studien,  Bd.  I.  Abth.  2. 
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important  of  the  colouring  matters  of  sponges,  while  Merejkowsky  * 
now  finds  it  in  fishes  and  in  almost  all  dasses  of  invertehrate 
animals.  It  has  been  strongly  suspected  to  he  an  oxygen-carrying 
pigment,  an  idea  to  which  these  observations  seem  to  me  to  give 
considerable  support  It  is,  moreover,  readily  bleached  by  light, 
another  analogy  to  chlorophylLt 

When  one  exposes  an  aquarium  full  of  Anthea  to  sunlight,  the 
creatures,  hitherto  almost  motionless,  begin  to  wave  their  arms,  as 
if  pleasantly  stimulated  by  the  oxygen  which  is  being  developed  in 
their  tissues.  Specimens  which  I  kept  exposed  to  direct  sunshine 
for  days  together  in  a  shallow  vessel  placed  on  a  white  slab,  soon 
acquired  a  dark  unhealthy  hue,  as  if  being  oxygenated  too  rapidly, 
although  I  protected  them  from  any  xmdue  rise  of  temperature  by 
keeping  up  a  flow  of  cold  water.  So,  too,  I  found  that  Radiolarians 
were  killed  by  a  day's  exposure  to  sunshine  even  in  cool  water,  and 
it  is  to  the  need  for  escaping  this  too  rapid  oxidation  that  I  ascribe 
their  remarkable  habit  of  leaving  the  surface  and  sinking  into  deep 
water  early  in  the  day.  We  may  readily  understand  the  mechanics 
of  this  phenomenon  by  remembering  that  the  starch  formed  during 
the  morning's  exposure  to  sunshine  would  increase  the  specifi 
gravity  of  the  Kadiolarian,  and  so  siuk  it,  while  its  digestion  an 
oxidation  would  again  lighten  it. 

It  is  easy,  too,  to  obtain  direct  proof  of  this  absorption  of  a 
part  of  the  evolved  oxygen  by  the  animal  tissues  through  which 
has  to  pass.     The  gas  evolved  by  a  green  alga  ( Ulva)  in  sunlig! 
may  contain  as  much  as  70  per  cent  of  oxygen ;  that  evolved 
brown  algae  {Haliseris),  45  per  cent ;  that  from  diatoms  about 
per  cent.     That,  however,  from  the  animals  containing  Phi 
gave  a  much  lower  percentage  of  oxygen,  6.^.,  VeUUoj  24  per  ceni 
white  Oorgoniay  24  per  cent;  Ceriactis,  21  per  cent;  while 
which  contains  most  algsb,  gave  from  32  to  38  per  cent 
difference  between  the  amount  of  oxygen  evolved  by  free 
imprisoned  algaB  is  naturally  to  be  accounted  for  by  the  avidity 
oxygen  of  the  animal  protoplasm. 

*  Comptes  renduSf  1881. 

+  Krukenberg,  however,  disputes  the  identity  of  Merejkowsky's 
with  that  which  he  has  investigated,  as  well  as  the  analogy  of  the 
hemoglobin.    See  his  Vergleich,  FhysioL  d,  Verdawing.,  Hetdelb.,  188SL. 
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Thus,  then,  for  a  vegetable  cell  no  more  ideal  existence  can  be 
imagined  than  that  within  the  body  of  an  animal  cell  of  sufficient  active 
vitality  to  manure  it  with  abundance  of  carbonic  anhydride  and  nitro- 
genous waste,  yet  of  sufficient  transparency  to  allow  the  free  entrance 
of  the  necessary  light.     And  conversely,  for  an  animal  cell  there  can 
be  no  more  ideal  existence  than  to  contain  a  sufficient  number  of 
vegetable  cells,  constantly  removing  its  waste  products,  supplying 
it  with  oxygen  and  starch,  and  being  digestible  after  death.     For 
oar  present  knowledge*  of  the  power  of  intracellular  digestion 
possessed  by  the  endoderm  cells  of  the  lower  invertebrates  removes 
all  difficulties  both  as  to  the  mode  of  entrance  of  the  algae  and  as  to 
its  fate  when  dead.     In  short,  we  have  here  the  economic  inter- 
actions of  the  animal  and  the  vegetable  world  reduced  to  the 
simplest  and  closest  conceivable  form. 

It  most  be  by  this  time  sufficiently  obvious  that  this  remarkable 

^flsodation  of  plant  and  animal  is  by  no  means  to  be  termed  a  case 

^^    parasitism.     If  so,  the  animals  so  infested  woiUd  be  weakened, 

'^^hereas  their  exceptional  success  in  the  struggle  for  existence  is 

^v^ifient.     ArUhea  ceretts,  which  contains  most  algae,  probably  far 

^^t^xmmbers  all  the  other  species  of  sea-anemones  put  together,  and 

*^^  Badiolarians  which  contain  yoUow  cells,  are  far  more  abundant 

*^^*  those  which  are  destitute  of  them.     So,  too,  the  young  gono- 

^*^ores  of  VeleUa,  which  bud  off  from  the  parent  colony,  and  start  in 

'^'^^  with  a  provision  of  Philozoon  (analogous  to,  yet  far  better  than, 

^    yolk-sac),  survive  a  fortnight  or  more  in  a  small  bottie, — ^far 

■^^^^er,  so  to  as  my  observations  go,  than  any  other  small  pelagic 

^^^iinala     So,  too,  a  Rhizostome  medusae  like  Cassiopeia^  which  is 

^'^U  provided  with  Philozoon,  lives  for  weeks  in  an  aquarium,  while 

^^^ittgioj  which  has  no  algae,  dies  in  a  day  or  two.     Anthea,  too,  can 

j^    exposed  to  light  all  day  in  stagnant  water  without  apparent 

^^^^onvenience,  but  dies  if  left  in  it  over  night     Such  instances, 

^'lUch  might  no  doubt  easily  be  multiplied,  show  how  beneficial  the 

^^^odation  is  to  the  animals  concerned. 

1*he  nearest  analogue  to  this  remarkable  partnership  is  found  in 

^e  vegetable  kingdom,  where,  as  the  researches  of  Schwendener, 

^^^iliet,  Stahl,  and  others  have  shown,  we  have  certain  algae  and 

•  Xnikenbei{^  Z.  Krilik  de$  Sehriften  ueb,  sog.  intracelL  Ferdauung  b.  Cod* 
^>^.  T%0ioL  ahtdien,  IL,  1  Abth.,  1882,  p.  189. 

^fyuxL  3d 
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fungi  associating  themselves  into  the  remarkable  colonies  kno^ 
lichensi  so  that  we  may  not  unfairly  call  onr  agricultural  I 
larians  and  Coelenterates  Animal  Lichens^  an  alliance  as  t 
possibility  of  which  Semper  *  has  aheady  speculated.  And  if 
be  any  parasitism  in  the  matter,  it  is  by  no  means  of  the  alga  upo 
animal,  but  of  the  animal,  like  the  fungus,  upon  the  alga,  and 
utilisation  of  plants  by  animals  contrasts  curiously  with  the  in 
case  of  the  utilisation  of  animals  by  vegetables  shown  us  by  < 
vorous  plants.  Yet  the  association  of  AntheOy  &&,  with  Philc 
exhibits  a  far  more  complex  balance  and  interaction  than  i 
lichen  or  insectivorous  plant,  and  stands  unique  in  physiology  i 
highest  development  of  the  reciprocity  between  the  animal  anc 
vegetable  kingdom. 

Thus,  then,  the  Hst  of  supposed  chlorophyll-containing  an 
with  which  we  started  breaks  up  into  three  categories  .* — ^first^ 
which  do  not  contain  chlorophyll  at  all,  but  green  pigmen 
unknown  function  (Bonellia^  Idoteci^  &c.);  secondly,  those 
tating  by  their  own  intrinsic  chlorophyll  {HydrOy  Span, 
ConvolfUa)  ;  thirdly,  those  vegetating  by  proxy,  if  one  may  so  s: 
rearing  copious  crops  of  algse  in  their  own  tissues,  and  profitu 
every  way  by  their  vital  activitiea 

It  might  be  objected  that  the  chlorophyll  of  Gonvolvic^  ^ 
also  derived  from  some  alga  more  highly  modified  than  our  I 
zoon  by  sojourn  within  the  tissues  of  the  animal  Only  anemi 
logical  investigation  would  of  course  furnish  absolute  proof  oi 
animal  nature  of  chlorophyll;  but  pending  this,  I  was  ena 
through  the  kindness  of  M.  de  Lacaze-Duthiers,  while  retoi 
home  through  Paris  in  November,  to  re-examine  spedmei 
this  Planarian.  Its  green  cells,  however,  bear  not  the  alig 
resemblance  to  PhUozoon^  or  any  other  alga  known  to  me ;  an 
irregularly  scattered,  but  form  an  almost  continuous  definite  i 
in  every  individual;  are  not  of  definite  shape,  nor  bounded  Iqf 
cellulose  coat,  but  are  irregularly  ellipsoidal,  semi-fluid,  naked  ] 
rarely,  if  ever,  to  be  seen  multiplying  by  transverse  divinoDy 
do  not  survive  the  death  of  the  animal  for  any  length  of  tima 
is  also  evident,  on  the  most  superficial  examination,  that  the  eU 

*  Animal  Life  (Intemat  ScL  Series),  Lond.,  1681,  p.  74. 
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phyll  corpTiAcles  of  Hydra  and  Spongilla  aie  quite  different  from 
algaa. 

To  the  Zoological  Station  Committee  of  the  BritLsh  Association^ 
especially  as  represented  by  its  secretary,  Mr.  Sladen,  my  best 
thanks  are  due  and  tendered,  as  also  to  my  friends  Drs.  Andres, 
Eisig,  and  Mayer. 


Podsaript,  21st  April  1881. 

Haying  concluded  this  investigation,  and  having  forwarded  on 
26th  October  last  my  manuscript  containing  my  results  precisely  as 
given  above  [minus  only  the  hypothetic  explanation  given  at  p.  386 
of  the  mode  of  floating  and  sinking  of  Radiolarians,  and  of  the 
concluding  paragraph  (p.  388)  referring  to  Convoluta^  which  were 
^ded  when  the  paper  was  read]  to  the  medical  faculty  of  the 
University  of  Edinburgh,  as  trustees  for  the  quinquennial  Ellis 
•Physiol(^  Prize,  which  they  have  since  awarded  it,  as  well  as 
Notice  of  the  title  of  the  paper  to  the  Secretary  of  the  Royal  Society 
^^   Edinburgh,  I  naturally  paid  no  further  attention  to  the  sub- 
J^^^t    An  opportunity  for  reading  of  the  paper  however,  unfor- 
^^^*^^tely,  was  not  afforded  me  until  16th  January  last,  and  it  was 
^o%  Tjuta  after  the  publication  of  an  abstract  in  Nahire  for  26th 
^  ^Hnaiy  that  I  learned,  first  from  a  remarkable  pseudonymous  com- 
^^^txnication  in   The  Academy  for  29th  January,  and  more  satis- 
factorily from  a  note  by  Professor  Moseley  in  Nature  for  8th 
-"^^"broary,  that  a  new  paper  by  Dr.  K.  Brandt  had  appeared  in  the 
^^^Baatime  dealing  with  the  same  subject.* 

In  the  succeeding  number  of  Nature  (16th  February  1882)  I 
®^^€  a  full  summary  of  Dr.  Brandt's  results,  which  have  now  been 
^®*y  largely  republished,  and  which  are  as  follows  : — 

1.  His  observations  are  upon  the  green  bodies  of  Hydra,  SpongUla, 

^  ifl)  "Ueber  dis  Zasammenleben  von  Thieren  und  Algen,"  Ferhandl,  d. 
-^^Ifrnd,  Chsellsch,  zu  Berlin,  2  Dec.  1881. 

(*)  SUzungsb.  d.  OeselUeh,  ncUurforsch.  Freunde  z.  Berlin,  15  Kov.  1881. 
(c)  "DieSymbiose  niederer  Tiere  mit  Algen,"  Der  Nalurforscher,  14  Jan. 

(<Q  Biologiiches  CerUralbUUt,  4  Jan.  1882. 

(^)  "  Ueber  die  Horphologische  nnd  physiologische  Bedentung  dea  Chloro- 
Phyllibei  Thieren,"  Archiv.  /.  Anat.  u.  Fhysiol,  Physiol.  AbtheiL,  April  1882. 
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a  fresh-water  planariam,  and  numerous  infusors.  He  f 
these  green  bodies  are  masses  of  hyaline  protoplasm^  coi 
nucleus  and  a  peculiarly  curved  chlorophyll  granule.  8 
two  to  six  are  present;  these  he  considers  as  states  of  divi 
regards  these  facts  as  proving  that  these  bodies  are  unicell 
and  erects  the  genus  Zoochlordla.  He  finds  them  survive 
and  even  develop  starch  in  light.  Specimens  from  Sponi 
taken  in  by  infusors,  but  were  either  digested  or  ejected,  tl 
Hydra  were,  however,  retained  by  Paramceciuniy  ColepSy 
believes  that  the  chlorophyll  never  belongs  to  the  anii 
always  to  alga^ 

I  have,  on  the  other  hand,  stated  my  opinion  above 
certain  animals,  such  as  Hydra^  Sponyilla,  and  Gonvoltda^ 
bodies  do  belong  to  the  animals  and  are  not  algse,  and  I  d 
see  sufficient  reason  for  withdrawing  that  view.  Dr. 
figures  of  Zoochlordla  show  no  resemblance  to  any  unicell 
hitherto  described,  but  (as  has  recently  been  clearly  points 
Mr.  Lankester,  to  whose  paper  *  I  shall  subsequently  ref  e 
resemble  in  form  and  mode  of  division  the  chlorophyll-gi 
plants.  Moreover,  although  he  finds  the  green  cells  of 
survive  isolation  he  has  not  observed  any  morphological 
similar  to  those  undergone  by  the  yellow  cells  of  Bad 
His  experiments  upon  the  infection  of  Faramoecium  by  \ 
bodies  of  Hydra  are  also  to  my  mind  quite  inconclusivei 
remarkable  indigestibility  of  chlorophyll  must  not  be  i 
Any  one  who  examines,  for  instance,  a  scrap  of  Ulva  v 
passed  through  the  digestive  tract  even  of  an  Echin 
Aphyda^  will  often  find  the  chlorophyll  grains  scarcely  ap 
altered  either  in  form  or  colour.  It  is  not  however  i 
inconceivable  that  chlorophyll-granules  should  survive  tra 
from  one  living  protoplasmic  matrix  to  another. 

Further  ^consideration  of  this  portion  of  Dr.  Brandt 
especially  in  presence  of  Mr.  Lankester's  recent  elaborate  d( 
criticism,!  seems  unnecessary. 

*  On  "the  Chlorophyll-Corpuscles  and  Amyloid  Deposits  of  8po 
Hydra"  Quart,  Jour.  Micro,  Sci,,  April  1882. 

t  **  On  the  Chlorophyll- Bodies  and  Amyloid  Deposits  of  Hydra 
yaia,'*  Quart.  Jour,  Micro,  Sci„  April  1882. 
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2.  For  the  yellow  cells  of  Kadiolarians  and  Coeleiiterates  he 
proposes  the  name  Zooxanihella^  to  which  I  do  not  ohject,  especially 
seeing  that  he  so  ahly  argued  for  their  algal  nature  in  his  first 
paper. 

3.  He  ohsenres  that  large  Eadiolanan  colonies  show  no  signs  of 
digesting  foreign  bodies,  that  these  and  also  Spongilla  can  be  kept 
best  in  filtered  water,  and  that  the  latter  did  not  live  in  a  half- 
darkened  room. 

These  statements  are  all  doubtless  true,  but  they  constitute  an 

extraordinarily  slender  foundation  for  the  doctrine  of  "symbio- 

Bis."    Many  Eadiolarians  can  be  easily  observed  to  digest  foreign 

bodies ;  every  sponge,  whatever  its  colour,  requires  great  quantities 

of  thoroughly  pure  water  to  keep  it  alive,  while  of  course  every  one 

who  has    worked  with  living  Eadiolarians  must  have  felt  the 

i^ecessity  of  transferring  them  when  he  wished  to  prolong  their 

life  from  the  impure  water  of  the  "  Auftrieb,"  teeming  as  it  is  with 

dead  and  dying  Crustaceans,  fragments  of  Siphonsphores,  and  all 

ii^anner  of  other  impurities,  to  pure  water.     I  am  not  surprised 

^t  Dr.  Brandt  did  not  mention  this  trivial  fact  as  evidence  for 

Ae  algal  nature  of  the  yellow  cells  in  his  first  paper. 

4*  V^pon  (he  above  evidence^  Dr.  Brandt  concludes  that  the  algae 
^^tain  their  hosts ;  that  so  long  as  the  animals  contain  few  or 
Done  they  feed  in  the  ordinary  way,  but  when  sufficient  algae  are 
PiQsent,  they  are  nourished  like  plants.  This  may  perhaps  be  the 
^  in  CoUozoum  and  some  other  Eadiolarians,  but  Anthea,  Veldla, 
^i  are  quite  as  voracious  as  their  congeners  unprovided  with 
^UorophylL  He  further  indicates  an  analogy  to  lichens  (an 
l^ypothesis  which,  as  I  also  state  above,  was  first  ventured  by 
^mper,  and  which  can  hardly  fail  to  have  suggested  itself  to 
^^'y  observer  since  Cienkowski),  and  points  out  a  distinction, 
^uice  in  a  lichen  there  is  an  association  of  an  alga  with  a  true 
P^'^site,  here  a  "  symbiose  **  of  algae  with  animals  accustomed  to 
^pendent  life,  which  they  however  give  up,  and  take  in  no 
^^'^  nutriment.  Thus  "  in  a  morphological  sense  the  algae,  in 
^  Pbysiological  sense  the  animals,  are  the  parasites." 

*  bave  already  (p.  380)  given  Dr.  Brandt  full  credit  for  the  valua- 
able  observations  contained  in  his  first  paper.  So  I  should  be 
^^^'^J^y  sorry  to  depreciate  the  theoretic  insight  of  the  present 
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one.  I  must,  however,  point  out  that  the  theory  stated  by  Dr. 
Brandt  of  symbiosis  between  animals  and  algse  is,  by  his  own 
showing,  founded  upon  two  lines  of  argument,  first,  that  relating  to 
^^  Zoochlorella,**  which  we  have  seen  to  be  no  alga  at  all,  and 
secondly  that  from  the  very  simple  fact  that  captive  Badiolarians 
live  longer  in  pure  water  1  Such  being  the  case,  it  is  evident 
that  (1)  the  demonstration  of  the  truth  of  Cienkowski's  view  that 
the  yellow  cells  of  Badiolarians  and  Gcelenterates  are  algse,  (2)  the 
development  of  Semper's  hypothesis  of  the  lichenoid  nature  of  the 
alliance  between  alga  and  animal  into  a  theory  of  mutual  inter- 
dependence, and  (3)  the  transference  of  that  hypothesis  from 
the  region  of  plausible  speculation  into  that  of  experimental  science, 
remain  with  my  paper. 

For  it  will  not  do  to  ignore,  with  Dr.  Brandt^  such  weighty 
opposing  evidence  as  (1)  the  recent  direct  statement  of  Hamann 
that  the  yellow  cells  of  Medusae,  &a,  are  not  algae,  but  unicellular 
glands,  (2)  the  observation  of  Erukenbeig  that  Anthea  cereus  did 
not  evolve  oxygen  in  sunlight,  or  (3)  the  failure  of  himself  and 
others  to  prove  the  presence  of  cellulose  and  chlorophyll,  or  even  to 
confirm  Haeckel's  discovery  of  starch  in  Badiolarians,  observations 
which  rendered  the  whole  matter  so  utterly  dubious  that  no 
botanist  had  ever  accepted  it,  although  its  value,  especially  to 
disciples  of  Schwendener,  is  obviously  great  But  for  the  necessity 
of  meeting  these  objections  point  by  pointy  I  might  have  published 
the  doctrine  of  reciprocal  accommodation  before  going  to  Naples  at 
alL  The  temptation  was  strong,  but  then  the  subject  would  have 
remained  as  with  Semper  and  indeed  also  with  Dr.  Brandt^  in  the 
region  of  unproved  hypothesis,  instead  of  demonstrated  fact* 

Nor  is  the  theory  of  complete  reciprocal  accommodation  between 
plant  and  animal  entitled  to  supersede  the  at  first  sight  more 
natural  view  held  by  Cienkowski,  and  formerly  also  by  Dr.  Brandt^ 
of  simple  parasitism  of  the  yellow  bodies,  until  it  has  been  shown, 
(1)  that  animals  containing  algee  are  actually  successful  beyond 

*  I  mast  also  point  out  with  reference  to  Dr.  Brandt's  latest  rspaUiettioii 
(Archiv.  /.  Anat.  u.  Phyaiol.,  1882,  p.  125),  that  the  identity  of  Eydirafima 
and  Hydra  viridia  was  made  known  several  years  ago  hy  Duplesiia,  and  with 
respect  to  the  plate,  that  his  figures  of  green  infusors  and  ^eir  chlorophyll 
grains  have  been  anticipated  by  Claude  Bernard,  Le^ona  iur  lei  Fklmemhm  de 
la  Fie,  &c.,  Paris,  1878. 
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their  fellows  in  the  straggle  for  existence,  (2)  that  the  starch  is 
actnally  consnmed,  and  (3)  that  the  algsa  are  of  importance  in  the 
fanction  of  respiration ;  for  which,  again,  it  is  necessary  to  show  (a) 
the  evolution  of  oxygen  hy  the  algaB,  (b)  the  absorption  of  a  large 
percentage  by  the  animal,  and  (c)  the  displacement  of  the  pigment 
to  which  the  re^iratory  pigment  is  nsually  assigned,  by  the  algaa 
▼hen  the  former  is  normally  present. 

B.  In  the  yery  next  number  of  the  Biologisches  Centralblatty* 
after  the  publication  of  Dr.  Brandt's  paper,  and  the  reading  of  my 
own,  there  appeared  a  very  interesting  article  by  Dr.  Greza  Entz, 
pointing  out  that  he  had  anticipated,  as  far  back  as  1876,  most  of 
tile  observations  of  Dr.  Brandt's  paper,  as  well  as  the  theoretic  views 
we  bave  both  expressed.  As,  however.  Dr.  Entz's  paper  seems  un- 
fortunately never  to  have  been  translated  from  the  original  Magyar, 
it  ia  not  altogether  surprising  that  both  Dr.  Brandt  and  myself 
fibould  have  overlooked  it 

Dr.  Entz  has  been  able,  for  instance,  to  cultivate  green  bodies  taken 

^<nn  the  bodies  of  numerous  inf usors,  and  to  trace  their  develop- 

'i^t  into  forms  recognisable  as  belonging  to  the  genera  Palmdla^ 

**^i^(uparcij  CHcBoq/stis,  Fleurocoecue,  &c.,  and  the  entrance  of  spores 

^f  these  into  Inf  usorians.     He  too  points  out  that  the  algas  cannot 

*^  tegarded  as  parasites,  but  that  the  Inf  usorians  must  rather  live 

^t  tliejf  expense ;  obtaining  oxygen  and  supplying  carbonic  acid ; 

^  that  we  have  to  do  as  in  lichens  **  with  a  quite  peculiar  consortial 

'^tion  of  two  wholly  different  organisms." 

AUhoogh  impugning,  for  reasons  above  stated  at  length,  the 

J^Utioe  of  most  of  Dr.  Brandt's  views  respecting  his  ZoocJiloreUa^ 

^^  Bydra  and  SpangiUOf  there  is  of  course  the  very  greatest  proba 

^ty  that  just  as  **  yellow  cells  "  are  sometimes  to  bo  found  in  marine 

^^^^^ttoaaos,  80  a  similar  association  between  fresh-water  algsB  and 

^i^inuls  should  also  sometimes  occur.    This  Dr.  Entz,  by  actually 

^^^^orving  the  change  and  growth  of  the  green  bodies  after  their 

'^''^iovbI  from  the  animal,  appears  to  have  settled.     But  such  facts 

^  no  means  invalidate  the  arguments  for  the  existence,  in  some 

^er  cases,  of  true  animal  chlorophylL 

G  Bince  Dr.  Entz  shows  that  so  many  different  algal  forms  may 

'*IJeb.  d.  Natur  d.  Chlorophyll  Korpercben  niederer  Tiere/'  Biol.  Cer^ 
^20  Jin.  1882. 
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form  consortial  rolations,  it  also  becomes  evident  that  the  attempt 
which  has  been  made  independently  by  Dr.  Brandt  and  myself,  at 
generic  and  specific  definition  of  the  yeUow  cells,  pending  more 
complete  investigation  of  the  forms  they  may  assume  when  culti- 
vated in  the  free  state,  is  doubtless  premature,  and  I  think  it  pre- 
ferable to  withhold  for  the  present  the  diagnoses  of  species, 
prepared  as  a  note  at  p.  383.  It  may  suffice  to  say  that,  as  Professor 
De  Bary  has  suggested  to  me,  the  "  yellow  ceUs  "  may  have  some 
affinity  to  Woronin's  *  Chromophyton  Rosanoffiij  which  they  at  any 
rate  resemble  in  colour. 

D.  Mr.  George  Murray  f  has  pointed  out  the  interesting  analogy 
which  exists  between  the  young  gonophores  of  Velella,  which  start 
in  life  provided  with  a  stock  of  algae, — "  to  the  hymenial-gonidia  of 
such  lichens  as  Dermatocarpon^  Polyblastia,  &c.,  as  described  by 
StahL  The  hymenial-gonidia,  which  are  the  ofiGspring  of  the 
thallus-gonidia,  are  carried  up  in  the  formation  of  the  apotheda, 
and  are  cast  out  along  with  the  spores.  Falling  in  the  same 
neighbourhood,  the  spores,  on  germinating,  enclose  with  their  fila- 
ments the  hymenial-gonidia,  which  ultimately  become  the  thallos- 
gonidia  of  the  new  lichen.  The  fact  that  among  the  animals  the 
most  closely  allied  to  each  other  morphologically  differ  thus  widely 
physiologically  bears  comparison  with  the  near  relations  of  the 
fungal  parts  of  the  lichens  with  the  other  ascomycetous  fungi" 

E.  Professor  Perceval  Wright,  in  a  letter  X  commenting  on  the 
subject  of  consortism  or  symbiosis,  announces  that  he  has  observed 
that  the  spores  of  Chlorochytrium^  and  other  algse,  frequently  also 
enter  the  bodies  of  animals.  He  also  suggested  in  1877  the  possible 
relation  of  such  cases  to  the  lichen-gonidia  question. 

A  few  years  ago  I  was  greatly  perplexed  by  observing  the 
zoospores  of  Ulva  not  being  eaten,  but  vigorously  borrowing  their 
way  into  the  bodies  of  the  large  and  almost  quiescent  ArmxiHB 
which  abounded  in  the  same  aquarium.  No  doubt  this  was  a  ease 
of  the  same  kind  as  those  observed  by  Dr.  Entz  and  Dr.  Perceval 
Wright. 

F.  M.  Max  Comu§  has  called  attention  to  the  fact  tiiat  luflB 

*  Bot.  ZeUung,  1880. 

t  The  Academy,  No.  508  (1882),  p.  67;  and  Jowr,  Boy.  Miet,  8cL, 
1882,  p.  245. 
t  Nature^  16th  Febroary  1882.  §  Comptea  rendua,  Dec;  1881,  Ka 
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onlj  do  the  algal  constituents  of  lichens  thrive  better  and  live 

longer  in  association  with  fungi  than  similar  algss  living  free,  but 

that  the  same  takes  place  in  other  cases,  thus  in  the  leaves  of 

nomezous  phanerogams,  where  those  parenchyma  ceUs,  which  are 

directly  attacked  by  the  hypha  of  the  parasite,  live  much  longer 

than  the  rest      He  explains  this  ''par  le  retour  des  mati&res 

nutritivee  vers  les  centres  de  r^rve  que  le  myc<Slium  contre- 

balance,"  an  expression  which  I  do  not  very  clearly  understand. 

He  farther  explains  that  in  the  algSB  of    lichens  reproduction 

and  development  of  spores  is  impeded,  and  vegetative  life  thus 

prolonged  and  enhanced,  just  as  by  preventing  flowering  the  life 

of  annuals  may  be  prolonged.     This  is  all  doubtless  true,  but  it 

aeems  to  me  likely  that  a  very  important  factor  in  the  healthy 

xmtntion  of  the  alga  would  be  afforded  by  the  endosmose  of  the 

'^raste  products  of  the  fungal  protoplasm  in  return  for  the  exosmose 

o£  its  starch,  &c.     Doubtless  this  is  included  in  Van  Tieghem's 

-view  of  ''mutual  parasitism,"  to  what  M.  Comu  alludes,  but  to 

'vrliich  I  have  not  been  able  to  refer. 

0.  So  £Eur  as  I  am  aware,  the  only  remaining  recent  contribution 

the  literature  of  this  subject  is  the  paper  by  Professor  Bay 

V*  above  referred  to,  in  which  he  gives  a  full  description, 

^^th  figures,  of  the  chlorophyll  corpuscles  and  amyloid  deposits  of 

Bydra  and  Sjpongilla,  together  with  a  criticism  of  the  views  of 

De.  Bnmdt  to  which  I  have  already  concurred.     Mr.  Lankester, 

however,  lays  what  appears  to  me  undue  stress  on  the  importance 

^^  the  spectroscopic  identification  and  analysis  of  chlorophyll,  a 

^ode  of  research  which,  as  shown  above,  and  as  he  indeed  freely 

^^i&its,  has  led  to  faulty  results,  and  he  has  overlooked  that  I 

uave  clearly  stated  that  the  green  colouring  matter  of  Convoluta  t  is 

^^  chlorophyll,  having  the  usual  solubility  and  fluorescence,  and 

Saving  a  spectrum  closely  resembling  that  of  vegetable  chlorophylL 

^  AoM  also  described  the  structural  form  in  which  the  pigment 

^^^CQi84  ^  uniformly  diffnsed  through  the  semi-fluid  protoplasm  of 

^^eated  and  granular  cells,  lying  below  the  muscular  layers  of  the 

^^^^Qgonient,  not  collected  into  granules  as  in  plants,  nor  in  drops  as 

*  QvcNl  Jour.  Micro.  Sci.,  April  1882. 

^  "Obmratioiis  on  the  Physiology  and  Histology  of  ConvoliUa  SchuUtii" 
^'^Moy.Soe,  Land.,  No.  194,  1879,  p.  462. 
^^W.,  pi  454. 
^UXI.  3b 
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in  the  green  cells  of  Vortex  viridie.    I  hope,  howeyer,  ehi 
^gax^  the^e  cells  and  the  epectimm  of  their  chloiophylL 

I  oonsidM  that  experiment  upon  the  living  oigBnism  by  a 
to  sunlight  is  not  only  the  best,  but  the  only  absolutely  bi 
certain  way  of  recognising  any  pigment  as  chlorophylL  A 
entire  absence  of  any  evolution  of  gas  from  BondHa^  Idai 
various  other  green  animals  (p.  379),  disproves,  at  any  » 
extreme  form  in  which  Pringsheim's  "  screen  "  theory  is  soi 
stated,  although,  as  Lankester  points  out,  and  as  Prii 
doubtless  intends,  it  is  more  probable  that  it  should  only  be 
to  true  chlorophylL 

H.  I  have  omitted  in  the  body  of  the  paper  to  call  atter 
the  great  importance  of  oonsortism  in  the  economy  of  nati 
since  the  Badiolarians,  and  doubtless  also,  at  least  to 
extent,  the  Foraminif era,  are  thus  chiefly  maintained,  aa< 
they  serve  as  nutriment  directly  or  indirectly  to  most  of  the 
pelagic  animals,  the  apparently  disproportionate  abundi 
animal  life  in  the  open  sea  becomes  no  longer  enigmatieaL 


2.  On  the  Thermodynamic  Acceleration  of  the  Earl 
Botation.    By  Sir  William  Thomson. 

It  has  long  been  known,  having  been  first,  I  believe,  poii 
by  Kant,  and  more  recently  brought  very  near  to  a  practical 
sion  by  Delaunay,  that  the  earth's  rotational  velocity  is  dia 
by  tidal  agency,  in  virtue  of  the  imperfect  fluidity  of  the 
An  integral  eflect  of  all  the  consamption  of  energy  by  fluid 
(or  more  properly  speaking  by  continued  deformation  ( 
matter)  in  the  tidal  motions,  is  to  cause  the  time  of  high  v 
an  average  for  the  whole  earth  to  be  not  exactly  either  tn 
6  o'clock,  as  it  would  be  were  the  ocean  a  perfect  fluid,  bi 
some  time  after  transit,   and  before  6  o'clock.*    Thus  n 

*  For  brevity,  I  use  the  word  *  'transit"  to  denote  a  time  of  transit  of 
generating  body  (whether  sun  or  moon),  or  a  time  of  transit  of  tbt  ] 
the  heavens  opposite  to  the  tide-generating  body,  across  the  meridfai 
place  ;  and  the  word  6  "o'clock,"  to  denote  the  middle  instant  of  the  iai 
time  between  consecutive  transits.    If,  to  fix  the  ideas,  we  fint  tbii^ 
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igine  the  avenge  lunar  tide  for  the  whole  earth  to  oonsiBt  of  a 
phcement  of  the  water,  presenting  protuherances,  not  exactly 
fiidB  moon  and  anti-moon,  but  in  a  line  inclined  at  an  angle  to 
)  line  joining  moon  and  anti-moon,  in  the  direction  indicated  by 


M 


A 


I ; 
A 


Kg.  1. 


Fig.  2. 


^  drawing  (fig.  1),  in  which  M,  A  represent  the  directions  of 
*^  and  anti-moon,  and  H,  H'  the  crowns  of  the  ideal  spheroid, 
'^Wienting  the  average  water-level  for  the  whole  earth.  The 
Hgle  HCM  is  made  87**  30',  which  would  be  actually  the  case  if 

W  tide  ilone  as  if  there  were  no  solar  tide,  6  o'clock  will  mean  6  lunwr 
"^before  oritfter  a  lunar  transit. 
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4  o'clock  lunar  time  were  the  average  time  of  high  water  for  th< 
whole  earth.  It  ia  obvious  that  the  resultant  force  of  the  moon 
on  the  whole  mass  of  the  solid  and  liquid  constituting  the  earth,  i 
not  a  single  force,  exerted  in  the  line  MC,  but  that,  affcer  th 
manner  of  Poinsot,  it  may  be  represented  by  a  single  force  in  thi 
line,  and  a  couple  in  a  direction  opposite  to  that  of  the  arrows 
indicating  in  the  diagram  the  direction  of  the  earth's  rotatioi 
Thus  the  lunar  attraction  produces,  as  it  were,  the  action  of 
friction  brake  resisting  the  earth's  rotation.  The  same  is  n 
doubt  also  the  case  in  respect  to  the  sun  and  the  water  of  ih 
ocean. 

If  HH'  were  inclined  to  the  line  of  the  attracting  body,  on  th 
other  side  from  that  shown  in  the  first  diagram,  the  effect  of  th 
attraction  would  be  to  accelerate  the  earth's  rotation.  Now  thii 
which  is  represented  in  the  second  diagram  (fig.  2),  is  found  b 
observation  to  be  actually  the  case  in  respect  to  the  sun  and  (nc 
the  waters  of  the  ocean,  but)  the  earth's  atmosphere.  The  accon 
panying  table  and  formula  show  the  result  of  the  Fouric 
Harmonic  Analysis  applied  for  the  diurnal  period  by  Mr.  6.  £ 
Simmonds  to  barometric  observations  collected  from  all  parts  of  tk 
world.  In  the  formula,  E  denotes  the  excess  of  the  barometc 
pressure  above  its  mean  value  for  the  day,  at  the  time  0  reckon<« 
in  degrees  from  midnight,  at  the  rate  of  \S*  per  mean  solar  hoiB 
B^c^,  Rg^s*  ^H  <l6i^ote  the  ranges  and  angles,  corresponding 
the  times  of  maximum  height^  for  the  first  three  terms  of  M 
Fourier  expression  which  the  formula  exhibits.  The  table  shc3 
the  values  of  B^c^  R^c^,  R3C3,  calculated  for  the  different  phuc 
from  observations  at  the  times  stated  in  column  5. 

It  is  a  very  remarkable  result  of  this  analysis  that  the  am] 
Rj  of  the  semidiurnal  term  is  for  most  places,  especially 
within  40''  of  the  equator,  considerably  greater  than  the  Rj  of  ' 
diurnal  term.  The  cause  of  the  semidiurnal  variation  of  baiom^^ 
pressure  cannot  be  the  gravitational  tide-generating  influence  ot  ^ 
sun,  because,  if  it  were,  there  would  be  a  much  larger  lunar  isi^ 
ence  of  the  same  kind,  while  in  reality  the  lunar  barometric  \idiB 
insensible  or  nearly  so.  It  seems  therefore  certain  that  the  Bolh 
diurnal  variation  of  the  barometer  is  due  to  temperature.  Now  ^ 
diurnal  term,    in    the  Harmonic  Analysis  of  the  variation    ^ 
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temperaiurcy  is  ondonbtedly  much  larger  in  all,  or  nearly  all,  places 
than  the  semidiomaL  It  is  then  very  remarkable  that  the  semi- 
diurnal term  of  the  barometric  effect  of  the  variation  of  temperature 
should  be  less,  and  so  much  less  as  it  is,  than  the  diumaL  The 
explanation  probably  is  to  be  found  by  considering  the  oscillations 
of  the  atmosphere,  as  a  whole,  in  the  light  of  the  very  formulas 
which  Laplace  gave  in  his  M^canique  CUeete  for  the  ocean,  and 
which  he  showed  to  be  also  applicable  to  the  atmosphere.  When 
thermal  influence  is  substituted  for  gravitational,  in  the  tide- 
generating  force  reckoned  for,  and  when  the  mbdes  of  oscillation 
corresponding  respectively  to  the  diurnal  and  semidiurnal  terms  of 
the  theroud  influence  are  investigated,  it  will  probably  be  found 
that  the  period  of  free  oscillation  of  the  former  agrees  much  less 

nearly  with  24  hours  than  does  that  of  the  latter  with  \%  hours : 

■  ■  •  ■  

and  that  therefore,  with  comparatively  small  magnitudes  of  the  tide- 

.  •  •....       ....  ... 

generating  force,  the  resulting  tide  is  greater  in  the  semidiumaL 
term  than  in  the  diurnal.      Now,  if  we  look  to  the  values  of  c^ 
in  the  table,  we  see  that^  with  one  exception  (Sitka,  a  place  fa]^ 
north,  where  Eg  is  very  small),  they  are  all  positive  acute  angles    "^ 
and  we  find  61°'d  as  the  mean  of  all  the  30.     If  we  assign  weight 
to  the  diflerent  values  of  c^  according  to  the  corresponding  value 
of  Bg,  we  should  find  a  somewhat  larger  number  for  the  true  mc 
value  of  c^    It  is  enough  for  our  present  purpose  to  say  that 
mean  is  60*^  or  a  little  more.     Looking  now  to  the  formula,  we 
that  the  meaning  of  this  is  that  the  times  of  maximum  of  the 
diurnal  variation  R^  ^^  ^  ^^^^®  before  10  o'clock  in  the  moi 
and  a  little  before  10  o'clock  at  night  (exactly  at  10  o'clock  if  c,  w( 
exactly  60^).     Without  more  of  observation,  or  of  observation 
theory,  than  has  yet  been  brought  to  bear  on  the  subject,  we 
tell  the  law  of  variation  of  Bj  ^^^  ^^^  latitude.     The  o 
in  the  table  seem  to  show,  what  Laplace's  Tidal  Theory  preparer      ""^ 
to  expect,  that  it  diminishes  more  in  the  Polar  regions  than  it  w<^?'^3lW 
if  it  followed  the  elliptic  spheroidal  law  of  proportionality  to      '^^ 
square  of  the  cosine  of  the  latitude.     We  may,  however,  tikG»   ^7 
inspection  from  the  table  Rj  =-  cos*  lat  x  '032  inch  as  a  rouglt    ^f^th 
mate  of  a  barometric  variation  distributed  over  the  whole  eutSx  2d 
the  form  of  an  elliptic  spheroid,  which  would  give  the  same  ledmii^ 
couple  in  the  calculation  of  the  solar  gravitational  influence  on  ^ ^ 
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disturbed  atmoepheie ;  or  (getting  quit  of  the  intolerable  British 
inch), 

Eg  =:  cos*  lat  X  08  cm. 

Now  the  height  of  the  barometer  corresponds  always  to  the  mass 
of  the  air  over  a  given  horizontal  area  of  the  locality,  independently 
of  the  temperature  of  the  air ;  and,  in  averages  for  the  different 
places,  no  doubt  independently  of  the  wind  also.*  Thus  for  every 
centimetre  of  higher  or  lower  mercury  in  the  barometer,  there  is 
more  or  less  mass  of  air  over  the  locality  to  the  extent  of  13*596, 
or  say  14  grms.  over  every  square  centimetre  of  horizontal  surface. 
TliQB  the  second  diagram  with  its  angle  of  30^  (corresponding  to 
C|»60°)  represents  the  state  of  things,  as  regards  the  quantity  of 
^  over  different  parts  in  the  circle  of  any  parallel  of  latitude,  or  at 
ftU  events  of  any  circle  farther  from  the  pole  than  60°  north  or  south 
latitude.  It  represents  the  state  of  things  for  every  parallel  of  lati- 
tude in  the  imagined  elliptic  spheroid,  constituting  the  terms  we  have 
to  deal  with  in  the  spherical  harmonic  expression  of  the  actual  effect : 
Wid  definitively,  if  we  suppose  half  the  excess  of  the  greatest  above 
^  hast  radios  of  the  elliptic  spheroid  in  the  diagram  to  be  equal  to 
^0  square  of  the  sine  of  the  latitude  multiplied  into  08  cm.,  the 
^^^^giam  shows  the  distribution  of  a  mass  of  matter  of  the  same 
^*®^iiy  as  mercury,  over  the  whole  surface  of  the  earth,  which 
^^^Id  experience  the  same  resultant  couple  from  the  sun  as  does  the 
^^'tt's  atmosphere  in  reality.  To  evaluate  this  couple  we  may  use 
^  known  formula  (Thomson  and  Taifs  Natural  Philosophy^  voL  L 
^  ^^9)  relative  to  the  mutual  attraction  between  a  mass  M,  not  con- 

In  strong  winds  the  barometer  may  stand  sensibly  above  or  below  the 
^^^per  value  for  the  weight  of  tbe  atmosphere  over  the  place,  according  as  the 
^^^^  containing  the  barometer  is  more  exposed  by  openings  on  the  windward 
^  on  the  leeward  side  of  the  house  in  which  it  is  placed.  The  error  due  to 
^^  caose  may  be  sensible  in  the  diurnal  averages  for  one  particular  barometer, 
^^^nse  of  the  daily  periodic  variations  in  the  direction  of  the  wind  ;  but  it  is 
.  ^  probably  large  for  any  well-placed  barometer,  and,  such  as  it  is,  it  must  be 
^J*^ywell  eliminated  in  the  averages  for  different  barometers  in  variously 
^^%nged  boildings  and  in  different  parts  of  the  world.  In  passing,  it  may  be 
^*^rked,  that  it  is  probably  not  a  matter  of  no  importance  that  the  barometer- 
^^^^^n  of  a  well-appointed  meteorological  observatory  should  be  as  nearly  as 
T^ybe  symmetrically  arranged  in  respect  to  openings  to  the  external  air  in 
^^«ent  directions,  and  in  respect  to  shelter  against  wind  from  other  parts  of 
^  Mding. 
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centrated  in  a  pointy  and  a  portion  of  matter  m,  concentrated  in  a 
very  distant  point — 

L  =  3n^<^:i^.     ......     .(1), 

where  a?,  y^  z  denote  coordinates  of  m  relatively  to  rectangular 
lines  OX,  OY,  OZ  coincident  with  the  principal  axes  of  inertia  of 
M  through  its  centre  of  inertia ;  B  and  C  the  moments  of  inertia  of 
M  round  OT  and  OZ ;  and  L  the  component  round  OX,  of  the 
couple  obtained  by  transposing,  after  the  manner  of  Poinsot,  the 
resultant  attraction  of  m,  from  its  actual  line  through  x,  y,  z,  to  i^ 
parallel  line  through  o,  the  centre  of  inertia  of  M.     Suppose  no^^ 
M  to  be  a  homogeneous  ellipsoid  of  revolution,  having  for  semi-axd^ 
a,  &,  c,  we  have 

0 

Hence  for  a  prolate  spheroid  of  the  dimensions  stated  above,  ^^ 
have 

B-C  =  jMrO-32 <i 

0 

where  r  denotes  the  earth's  radius  in  centimetres.  To  ^\^  tk 
formula  (1)  to  the  case  represented  by  the  diagram  in  fig.  ^^  ^ 
have 

yz^D^sinSO'cosSO' O) 

where  D  denotes  the  sun's  distance  firom  the  earth.  With  this  a»d 
(2),  (1)  becomes 

,     3  wiMr  0-32««  sin  30**  cos  30*  /A) 

where  M  denotes  the  mass  of  a  quantity  of  mercury  equal  in  ^^ 
to  the  earth,  so  that  if  E  denotes  the  earth's  mass  M-  2*5  E.     ^^^ 

^  is  the  attraction  of  the  earth  on  the  sun :  hence  if  w»  ^ 

this  force  F, 
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L=  1 2-5^F.0-32«°».8m  30°  cos  30" 
=  gF.  0-21"». 

Now  if  S  denote  the  number  of  grammes  in  tlie  sun's  mass,  we 
liave 

F=—S.  980  dynes, 

since  the  earth's  attraction  on  a  gramme  of  matter  at  its  surface  is 
^ibout  980  dynes ;  and  so  we  find 

L«^S.  980.0-21  =^38.207     ....     (5), 

-^^ow  if  ^  denote  the  acceleration  of  the  earth's  angular  velocity 
Produced  by  this  couple,  we  have 

<i  =  J (6), 

^here  I  denotes  the  earth's  moment  of  inertia ;  and,  allowing  for 
"®  increase  of  the  earth's  density  from  the  surface  inwards,  accord- 
**^  to  Laplace's  probable  law,  we  have,  approximately, 

V^^tead  of  I «  -r^ ,  as  it  would  be  if  the  mass  were  homogeneous), 

fid      . 

^©noting  the  earth's  mass.     Hence 

.     «r8S207 

-^ow  D9/r8=  12-3.1012,  S/E  =  31-9.10S  r  =  6-370.108  centimetres 
^^«li  gives  r8  =  40  6. 1  Oi«     Hence 


31>9.10^      207       .4.o.io-» 
**"    11-3.1012  40-6.10i«"""^"     • 

the  rate  per  second  of  gain  of  angular  velocity.     The  earth's 


^is 

'l^^^^  velocity  at  present  is  ^^~ ,  or    approximately  ^^^^^ . 
^^  this  «o,  we  have 


(a 


^=5-5.10-» 

^^U  XI.  3  F 


i 
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for  the  proportionate  gain  per  second.  There  are  31*5  million 
seconds  in  a  year,  and  3150  in  a  century.  Hence  the  ratio  to  the 
earth's  present  angular  velocity,  of  the  gain  per  second,  amounts  to 

1-73x10  '. 

To  interpret  the  result,  suppose  two  chronometers,  A  and-B,  to  he 
kept  going  for  a  century,  according  to  the  following  conditions  : — 

Chronometer  A  to  he  an  absolutely  perfect  timekeeper,  and  to 
be  regulated  to  sidereal  time  at  the  beginning  of  the  century,  in  the 
usual  manner,  by  astronomical  observation. 

Chronometer  B  to  be  kept  constantly  regulated  to  sidereal  time 
by  astronomical  observations  from  day  to  day,  and  from  year  to 
year,  during  the  century. 

At  the  end  of  the  century  B  will  be  found  to  be  gaining  on  A 
to  the  amount  of  1*73  x  10"®  of  a  second  per  second.  This  rat©  of 
gain  has  been  uniformly  acquired  ;  and,  therefore,  on  the  average  of 
the  century,  B  has  been  going  faster  than  A,  at  the  rate  of 
•86  X  10~®  of  a  second  per  second.  Hence,  in  the  whole  century  (or 
3*16  X  10®  sidereal  seconds),  B  has  gained  on  A  to  the  extent  of 
2*7  seconds. 

In  reality  a  tenfold  greater  difference,  in  the  opposite  direction, 
would  be  observed  between  the  two  chronometers.  Adams,  from 
his  correction  of  Laplace's  dynamical  investigation  of  the  accelera- 
tion of  the  moon's  mean  motion,  produced  by  the  sun's  attraction, 
found  that  our  supposed  chronometer  B,  regulated  to  sidereal  time, 
would  be  22  seconds  behind  the  perfect  chronometer  A  at  the  end 
of  a  century.  (See  Thomson  and  Taifs  Natural  Philosophy,  1st 
ed.,  §  830  ;  or  2nd  ed,  voL  L  part  1,  §  405.)  The  retardation 
of  the  earth's  rotation  thus  definitively  specified,  which  may  be 
regarded  as  a  well-established  result  of  observation  and  theory, 
received  from  Delaunay  what  wo  cannot  doubt  to  be  its  tnie 
explanation, — retardation  by  tidal  friction.  The  preceding  : 
formulas,  with  the  proper  change  of  data,  may  be  readily  modified^ 

to  show  the  tidal  retardation  instead  of  the  thermodynamic  accelera 

tion.     Thus  if  we  go  back  to  fig.  1,  and  suppose  the  8ph6R>tdaI^I~ 
layer  to  be  water,  instead  of  the  earth's  atmosphere,  and  take  lO^^K 
cms.  as  the  excess  of  the  greatest  above  the  least  semi-diametafc^e; 
we  have  what  we  may  fairly  assume  to   be  a  not  improbal^^^ 
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estimate  of  the  equivalent,  over  the  whole  earth's  surface,  to  the 
trae  tidal  deformatioQ  of  the  water  of  the  oceans.     If  the  obliquity 
HCS  were  the  same  in  the  two  cases,  and  if  the  sun  were  the 
external  attracting  body  in  each  case,  the  value  of   L  would  be 
(50/'08.13'596»)45-9    times  greater  in  the  second  case  (fig.    1) 
than  in  the  first  case  (fig.  2).      Suppose  now  the  moon,  instead  of 
the  sun,  to  be  the  influencing  body  in  the  second  case   (fig.  1), 
other  things  being  the  same,  the  couple  will  be  91*8  times  as  great 
in  the  second  case  (fig.  1)  as  in  the  first  case  (fig.  2).       (Because 
tlie  moan's  mass,  divided  by  the  cube   of  her  distance  from  the 
earth,  in  about  double  the  sun's  mass  divided  by  the  cube  of  his 
distance  from  the  earth.)      Now,  we  must  make  the  couple  to  be 
only  10  times  as  great  in  the  second  case  (fig.  1)  as  in  the  first  caae 
(fig.  2)  to  bring  out  Adams'  result,  according  to  Delaunay's  explana- 
tion of  it.    Hence  we  must  suppose,  in  fig.  1,  sin  HCM  cos  HCM  to 
l>e  1/10  of  sin  30*  cos  30*;   and  we  may  fulfil  this  condition  by 
taldng  HCM -87*^30'. 

Thus  with  the  approximate  results  of  observation  used  above  in 
'^^spect  to  the  earth's  atmosphere,  and  the  assumptions  we  have 
H-o-w  made  regarding  the  lunar  tide,  we  have  a  state  of  things  in 
'^'l^ch  our  supposed  chronometer  B  gains  on  A  2*5  seconds  in  the 
^^^^^vae  of  the  oentury  through  the  thermodynamic  acceleration,  and 
*^^^^«8  25  seconds  through  the  tidal  retardation  ;  that  is,  loses  in  all 
^^*5  seconds,  or  say  22  seconds,  which  is  Adams'  result. 


^-  Notes  on  a  Cist  discovered  at  Parkhill,  Dyce,  Aberdeenshire, 
in  October  1881.  By  William  Ferguson  of  Kinmundy. 
With  Notes  on  the  Bones  by  Dr.  Fife  Jamieson,  M.B. 

Ihe  station  of  Parkhill,  on  the  Great  North  of  Scotland  Railway^ 

^   seven  and  a  half  miles  from  Aberdeen,  and  the  cist  which  is 

^h^  labject  of  these  notes  was  situated  in  a  mound  of  gravel  and 

^^d  to  the  north-east  of,  and  within  one  or  two  hundred  yards  of, 

^^  station.     This  is  the  second  which  has  been  uncovered  at  the 

^^^s  tpot,-^— a  previous  one  having  been  disclosed  in  1867,  the 

^^tents  of  which — a  vase  and  some  bones — are  preserved  in  the 

"^^^itomical  MnseuuL  Manschal  Ck>lleKe,  University  of  Aberdeen. 


i 
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The  gravel  mound  belongs  to  the  railway  company,  and  is  quarried 
from  time  to  time  for  ballast  In  the  course  of  the  night  of  the  3rd 
October  1881,  the  men  who  were  digging  the  gravel  came  upon  the 
cist  at  the  depth  of  about  one  and  a  half  to  two  feet  from  the 
surface.  The  upper  part  of  the  mound  is  roughish  gravel,  and  below 
the  gravel  it  is  sand.  The  cist  was  just  below  the  gravel,  but  in  the 
sand.  The  sides  were  formed  of  four  large  slabs,  one  of  which  fell 
down  as  the  workmen  removed  the  sand  from  below.  The  length 
of  the  cist  was  3  feet  9  inches,  the  breadth  2  feet  3  inches,  and  the 
depth  18  inches  at  the  ends,  and  27  inches  in  the  centre.  The 
contents  were  an  urn  and  certain  bonea  The  urn  is  small,  5^  inches 
high  and  4^  inches  diameter  at  the  mouth.  It  is  of  graceful  shape 
and  elaborately  carved. 

The  other  contents  of  the  cist  were  bones.  Surrounding  many  of 
the  bones  was  a  coating  apparently  vegetable  in  structure.  It  was 
said  that  the  bones  were  wrapped  in  a  piece  of  bull's  hide,  with  the 
hair  still  upon  it ;  but  examination  seems  to  settle  that  this  is  only 
another  instance  of  an  error  that  has  been  common,  of  mistaking  the 
matted  mycelium  of  a  cryptogamous  plant  for  hair.  In  the  previously 
discovered  cist  there  was  true  hair  found. 

''  The  base  of  the  cist  was  covered  with  small  pebbles — not  so 
uniformly  as  to  form  a  continuous  floor,  but  quite  close  enough  to 
show  that  it  was  not  the  result  of  chance,  while  scattered  about 
were  fragments  of  wood  charcoal."  Only  a  very  small  portion  of 
the  charcoal  was  preserved,  and  doubt  having  been  expressed  as  to 
whether  it  was  really  charcoal,  I  requested  Dr.  Jamieson  to  examine 
it  carefully  and  also  to  send  me  a  portion  of  it,  both  of  which 
requests  he  has  kindly  complied  with.  Dr.  Jamieson  says : — "  It 
is  undoubtedly  vegetable  charcoal  I  have  examined  it  microscopi- 
cally. Chemically  there  is  no  very  decisive  test.  I  send  you  also 
a  sample  as  you  desired,  and  am  sorry  that  it  is  so  small,  bat  in  my 
ignorance  of  the  importance  of  such  a  phenomenon  as  the  presence 
of  charcoal  in  a  cist,  I  carried  off  only  two  or  three  little  fragments. 
There  were  no  pieces,  as  far  as  I  can  recollect,  of  any  size,  most 
being  about  the  size  of  the  specimen  sent  to  you  (^inch  by  f>inch). 

'^  In  examining  microscopically  a  piece  of  the  charcoal,  I  though 
I  had  stumbled  on  a  'a  find.'     With  a  high  power,  seemingljp' 
embedded  in  a  little  fragment  of  charcoal,  were  two  or  three  isoIate^X 
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stractures  marvellously  like  striped  muscular  Hbre.  I  began  to 
weave  a  nice  theory  about  some  of  the  flesh  (human  or  boar's), 
having  somehow  got  impacted  in  the  charcoal,  which  by  its  preser- 
vative or  antiseptic  power,  had  retained  the  muscular  fibre  all  these 
ages.  The  preparation  was  in  clove  oil,  as  it  was  only  a  temporary 
examination,  and  before  I  could  show  it  to  the  professor  of  botany, 
as  to  whether  it  was  vegetable  or  not,  the  clove  oil  had  so  cleared  it 
Qp  as  to  obliterate  all  the  previous  structural-like  appearance.  In 
all  probability  it  was  some  vegetable  cell  with  which  I  am  unac- 
quainted ;  the  other  theory  is  too  fine  to  be  true." 

Mr.  Joseph  Anderson  of  the  Society  of  Antiquaries  of  Scotland 

informs  me  that  this  interment  is  one  of  the  less  common  class,  and 

that  it  has  these  two  very  rare  features  connected  with  it : — first, 

tbe  occurrence  of  charcoal ;  and  second,  that  of  the  bones  of  an 

Animal  other  than  the  human  bonea 

Mr.  Anderson  divides  the  sepulchral  urns  of  Scotland  into  four 
S^x>up8.  Groups  1  and  2  are  found  with  burned  bodies,  and  (I) 
^^-^^ge  cinerary  urns,  and  (2)  small  cup-shaped  urns.  Groups  3  and 
usually,  though  not  exclusively,  formed  with  unbumed  bodies, 
ey  are  called  (3)  food  vessels,  and  (4)  drinking  cups.  The 
^ikhill  Urn  seems  to  belong  to  group  4 — the  drinking  cup. 
At  the  request  of  Professor  Struthers,  Dr.  Fife  Jamieson  has 
n  good  enough  to  give  me  the  following  notes  upon  the  bones 
**>Xind  in  the  cist  along  with  the  urn.  They  are  those  of  a  man 
^*c^Dg  with  fragments  of  the  left  fore  limb  bones  of  a  boar. 

The  bones  are  deficient  in  number  and  in  mass,  chiefly  from 
^^^omposition  by  natural  agencies;  but  partly  from  the  rough 
"^^^dling  to  which  they  were  subjected  by  sight-seers,  prior  to  their 
^^ttioval  to  the  Anatomical  Museum. 

The  cranium  is  very  deficient,  though  enough  remains  to  show 
^^t  it  was  large  and  well  shaped,  with  frontal  sinuses  pi-ominent, 
^^t;  insignificant  occipital  protuberances.     The  basi-occipital  and 
d-sphenoid  segments  were  firmly  anchylosed  together ;  they  are 
normally  after  the  age  of  twenty-two. 

*Hie  facial  bones  are  still  more  deficient ;  enough  of  the  jaws  is 
^^  however,  to  show  that  the  teeth  had  to  all  probability  dropped 
^^t  only  after  death.      Four  teeth,  two  still  in  their  sockets,  all 
^i^ly  worn,  were  obtained. 
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None  of  the  cervical  vertebraB  were  to  be  seen ;  fragments  of 
eleven  dorsal  and  five  lumber  were  easily  recognised,  as  well  as  the 
upper  half  of  a  strong  well-formed  sacrum. 

The  sternum  was  entire  with  the  exception  of  the  lower  half  of  th& 
pre-stemum  and  the  whole  meta-stemum.  The  first  segment  o£ 
thn  meso-stemum,  which  normally  anchyloses  to  the  rest  of  the 
meso-stemum  below  at  from  twenty-five  to  thirty  years,  and  to  the 
pre-stemum  above  at  about  forty  years,  was  here  separate,  and  had 
at  no  time  been  anchylosed  on  either  end 

Fragments  of  but  a  few  ribs,   and  these  unimportant,   wec^ 
obtained. 

The  innominate  boaes   were  incomplete,  specially  at  the  pnb^-i 
arch,  so  that  no  accurate  estimate  could  be  formed,  either  of 
capacity  or  of  the  form  of  the  pelvic  cavity.     There  was  no  ti 
of  epiphysial  suture. 

Of  the  two  femurs  one  was  almost  entire,  and  measured  in  lenj 
18f  inches.     Both  were  well  marked,  though  not  indicative  of  v^^i 
special  muscular  strength. 

All  the  remaining  bones  of  the  lower  limb  were  more  or  X^ 
incomplete,  with  exception  of  the  left  os  calcis,  scaphoid,  and 
metatarsal,  all  of  which  were  unusually  large  and  strongly 
The  scaphoid  shows  a  large  and  well-formed  facet,  just  external  t 
that  for  the  external  cuneiform,  and  apparently  for  articulation  "vritii 
the  cuboid. 

No  phalanges  of  the  foot  were  got.  Sufficient  fragments  of  bo*^ 
clavicles  and  scapulee  were  got  to  show  that  they  were  by  no  meaja 
powerfully  marked.  One  humerus,  almost  complete,  measoxw 
about  13  J  inches.  All  the  bones  of  the  upper  limb  were  more  o' 
less  incomplete  with  the  exception  of  three  phalanges  of  the  ftr«* 
row. 

It  is  probable  that  the  subject  was  a  male,  evidenced  specially   »^y 
the  prominence  of  the  frontal  sinuses,  and  the  general  size  9^ 
strength  of  the  different  bones.     His  age  at  death  seems  to  h^'^ 
been  from  twenty-five  to  thirty,  judging  specially  from  the  coPt^^' 
tion  of  the  sternum.     His  height  must  have  been  about  four  f^^ 
nine  inches.     Of  fairly  muscular  build,  and  specially  developed 
the  lower  limbs. 

Fragments  of  the  left  fore  limb  bones  of  a  boar — the  humeT^^ 
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wdiiw,  and  metacarpal  of  the  third  finger  were  got.  Their  original 
position  in  the  cist  with  reference  to  the  human  remains  could  not 
be  ascertained,  as  they  had  been  repeatedly  changed  by  visitors. 
The  hnmems  showed  the  upper  epiphysis  unanchylosed,  so  that 
the  umnaly  large  as  it  must  have  been,  was  not  fully  developed. 


4.  On  a  Class  of  Permanent  Symmetric  Functions. 

By  Thomas  Muir,  M.A, 

1.  By  Cauchy  the  word  "  symmetric,"  as  applied  to  functions, 
^as  used  in  a  more  general  sense  than  that  in  which  we  ordinarily 
^  it  now,  or  than  that  in  which  it  was  used  before  his  time.  He 
'poke*  of  "fonctions  sym^triques  permanentes"  and  "fonctions 
'ym&riques  altem^:"  we  apply  the  word  symmetric  only  to 
certain  of  the  first  of  these  ;  the  second  we  call  simply  "  alternating 
^^ctione."    Thus  the  expression 

Miscalled  by  him  a  permanent  symmetric  function,  since  if  a^,  Oj,  a^ 
•'^  interchanged  in  order  with  6^,  b^,  b^y  the  function  remains  un- 
wtered.  It  would  be  more  definite  to  say  that  it  is  a  permanent 
symmetric  function  tcUh  respect  to  a^,  aj,  a^  and  5j,  &2>  ^3*  -^8^"! 

(«i-^)(a2-M«8-^3) 

h^  called  an  alternating  symmetric  function,  since  if  the  same  change 
^  Baade  the  function  remains  unaltered  in  magnitude  but  not  in 

• 

"^  As  before,  for  the  sake  of  definitenese,  it  is  better  to  speak  of 
*^  w  an  alternating  function  with  respect  to  Oj,  Og,  a^  and  b^^b^,  b^. 

^'  Under  the  latter  class  of  functions  it  is  evident  that  determi- 
^nts  may  be  placed.     Thus  the  determinant 

«i     «2    <h  i 

^1       ^2       ^3 
^1       ^2       ^3 

^  ^  alternating  symmetric  function  with  respect  to  its  three  rows 
*  Joum,  de  V toole  polyt.  ^  Cah.  zvii.  p.  80. 
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of  elements.     It  was  in  this  light  that  determinants  weie  viewed 
and  treated  of  by  Cauchy. 

On  the  other  hand,  if  all  the  negative  signs  of  a  determinant  he 
made  positive  we  obtain  a  permanent  symmetric  function  with  re- 
spect to  the  same  groups  of  the  same  quantities.  It  is  functions  of 
this  kind,  resembling  determinants^  which  we  wish  to  consider  in 
the  present  paper.  Two  notations  have  before  this  been  used  for 
them :  the  above  instance  may  be  specified,  after  Cauchy,  by 


A^i^^\ 


or,  after  Cayley,  by 


«1  «2  <*3 
^1  ^2  ^8 
Cj       ^2       C3 

As  however  the  contraction,  {ai^2^3}    ^^^  ^^®  latter  form  is  n 
sufficiently  distinctive,  it  would  be  better  perhaps  to  use  instead  thi 
notation 

«1      «2      ^8 

61     62     fcg 

C|       C^      C3 

which  is  very  conveniently  contracted  into 

+  + 

For  shortness,   in  speaking  of  the  functions,  we  may  agree  ter 
porarily  to  call  them  Psrmanents. 

4-  + 

3.  The  Permanent  |  o^  2*2^3  |  is  evidently  equal  to 

(a^ti  +  agtg  +  Ostg)  (&ih  +  V2  +  ^3*3)  («ih  +  ^tH  +  h^^ 

if  tiVs™  1  and  t^,  »2,  i^  be  symbols  subject  to  the  laws  of  ordin=- 
algebra,  except  that  tj  =  ij  =  ^  =  0. 

It  is  almost  the  same  to  say  that  |  a^^^  \  is  the  ooefficient  of   -^^ 
in  the  expansion  of  the  product 


i 
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Eitiier  of  these  propositions  may  be  viewed  as  a  conseqnence  of 
the  definition  above  implied,  or  as  an  alternative  fonn  of  the 
definition. 


4.  Of  course  at  the  ontset  it  is  evident  that  from  the  theory  of 
detenninants  there  is  suggested  the  possibility  of  analogous  theorems 
regaiding  Permanents.  As  evidently,  however,  the  number  of  such 
analogous  theorems  must  be  small :  for  no  analogue  can  exist  when 
the  theorem  in  determinants  depends  upon  the  property  of  change 
of  agn  consequent  upon  the  interchange  of  two  rows.  As  an  ex- 
ample of  such  analogues,  we  have  evidently 

•J-^++  ++  ++  ++  + 

t  ^M  l-^il  ^^^4  l  +  oj  bjc^d^  I  +03!  Vj^4  I  +aj  ^iCa^s  I, 

+       +++++++  t       tt    .  t 

•^  80  on  throughout  the  whole  range  of  Laplace's  expansion- 
ftoorem. 

•"ie  following,  however,  are  properties  of  a  difTerent  kind. 

^'  The  product  of  two  Permanents  of  the  n***  order  is  expressible 
^he  sum  of  n  I  Permanents  of  the  same  order.     Thus — 


i 


+ 

«1    0,0, 

-   • 

Xi  Xg  STj 

■  4 

^  b,b. 

• 

Vi  Ps  Vt 

= 

*»  «,«, 

h  h  h 

+  + 
o^iCi  ajKj  Ogafg 

^yi    ^8^2    ^J*8 

e^Zj   e^2   ^s^ 


(h^  ^A  ^y*^ 
\h  ^A  Vs 
(hVi  ^^1  ^% 


Oiyi  aj^a  a^^ 

Vi  V2  Ms 

Cj^  ^2^2  ^8 

^1  ^2^2  ^S^^S 

Vl  V2  ^8 

CiS^i  Cg^a  Cjyg 


+   +  + 

«l2/l    ^2^2   ^8^8 
^ih     ^2^2    ^8 

+     +  + 

<hh    ^2h  ^3 

^1^1     ^2^2    ^3^8 


^  ^bment  of  the  first  Permanent  on  the  right  is  obtained  by 
^^^^plying  together  the  corresftonding  elements  in  the  two  Peima- 

^^1*  XL  3  o 
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nents  on  the  left ;  the  second  Permanent  on  the  right  is  obtained  in 

+  +   +  +  +  + 

the  same  way  from  |  dib^c^  \ ,  |  x^z^y^  \  ]  the  third  from  |  a^h^c^  \ , 

+  + 

I  ^1^2  ^8  h  ^^d  ^  ^^  throughout  the  remaining  possible  permuta- 
tions of  the  rows  of  the  second  Permanent  on  the  left 

This  theorem  may  be  established  as  follows : — Taking  the  prin- 
cipal term  of  the  first  Permanent  on  the  right  along  with  the  cor- 
respondiog  terms  of  the  other  five  Permanents,  we  see  that  the  sum 
must  be 

+  +  +  -*■ 

that  is,  the  product  of  |  x^y^z^  \  and  the  principal  term  of  |  CL^h^c^ 

In  like  manner,  taking  any  other  term  of  the  first  Permanent  on 

right  along  with  the  corresponding  terms  of  the  other  five 

+  + 

nents,  we  must  obtain  the  product  of  |  x^y^z^  \  and  the  term. 

+  + 

I  ^^2^  I  corresponding  to  the  said  six  terms.     Hence,  when 

process  is  completed,  we  must  have  in  all 

+  +  +  -♦- 

6.  The  product  of  two  Determinants  of  the  n***  order  is  esi^ 
as  an  aggregate  ofn  \  Permanents  of  the  same  order.    Thus — 


O,  Oj  0, 

a?i  «2  «8 

•\ 

6,  ft,  6j 

■ 

^1  ^2  VZ 

= 

«1     «J    «8 

h  h  h 

+  + 


a^x^  a^^  Ojj^g 

^^1    ^2    ^8^3 

^h   ^2^2    Hh 


\h   ^2h    *: 

^1   ^2    «8J^: 


+    + 


<hVl  ^^%  ^8^3 

\X^  ^2^2   ^8^ 

^i^l  C^2    ^2?^ 

«1^1  ^2^2     ^8^3 

Vl  ^2^2    *8*8 

^^l^l  <^2y2    ^8 


^iH    ^2^    ^i 

^Vi  ^^2  ^sT^ 
Ci«l  c^i  cfy 


The  mode  of  formation  of  the  Permanents  here  is  exactly  the  ^*°*     J 
as  in  §  5 ;  the  sign  preceding  any  one  of  them  is  +  or  -  accord"^     I 
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as  there  has  been  in  its  formation  an  even  or  an  odd  num'ber  of 

+  + 

interchanges  in  the  rows  of  |  x^y^z^  \ .     The  proof  is  on  the  same 

lines  as  that  of  the  former  theorem. 

7.  The  product  of  a  Permanent  and  a  Determinant  both  of  the 
n^  order  is  expreadble  as  an  aggregate  of  n\  Determinants  of  the 
tame  order.     Thus — 


«1   «2  «8 

*1   *2  *8 

«1«1   «2«2  ^8 

<h^\  ^2  «8«8 

\  b^  b^ 

• 

Vi  y%  y» 

= 

hVl    Va    ^8^3 

- 

Vl    ^2«2     ^8«8 

<h    <^2    <k 

h  h  h 

Cj^l     C^2     ^8 

Ci^i  Cjyj    Cgyj 

^1^1   «2y2   ^8^8 

O^yi   ^2^2   «8y8 

— 

Vi  *y^2  Vs 

+ 

Vl     ^2     ^8«8 

Ci«l     <^^2     V8 

<n!h  <^^2  ^sh 

<hh  ^%  ^^ 

^h    ^2^2    <V8 

+ 

h^    ^2    ^8 

- 

^yi    V2   ^8^8 

^1^1    ^2    ^8^8 

^^  CgfTj  Cgasg 

Keie  the  Determinants  on  the  right  are  formed  exactly  like  the 
x^ermanents  in  ^  5,  6,  and  the  signs  preceding  them  are  determined 
«^a«ily  as  in  §  6. 

&  The  last  of  these  three  theorems  is,  so  far  as  one  can  at  present 
"^  the  most  important  It  leads,  for  example,  to  the  following 
"Enable  application. 

^Vhen  the  elements  in  the  first  row  of  the  Permanent  are  all 

*^^ei8  of  one  variable,  the  elements  in  the  second  row  the  like 

P^^eiB  of  another  variable,  and  so  on,  the  Permanent  takes  the  form 

^  &  single  symmetric  function  of  the  said  variables,  the  degree  of 

^^  fanction  being  given  by  the  sum  of  the  indices  of  the  powers  in 

^^^«8tioii.    Thus — 


a"*     a*     a' 


^  fir  ^ 

/"  y  / 
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is  the  single  sTmmetrio  function  which  we  are  in  the  habit  of  de- 
noting by  ^j^pT-f. 

In  the  like  case  the  Determinant  on  the  left  and  all  the  Deter- 
minants on  the  right  take  the  well-known  form  of  simple  alternants. 

We  thus  obtain  a  new  and  widely  general  theorem  in  regard  to 
the  latter  functions,  viz.  : — The  product  of  a  simple  cdtemant  and  a 
single  symmetric  function  of  its  variables  is  expressible  by  a  sum  of 
simple  alternants^  whose  indices  are  got  by  arranging  the  variables  in 
every  term  of  the  symmetric  function  in  the  same  order,  and  adding 
the  indices  of  each  term  to  the  indices  of  the  original  alternant^  the 
first  to  the  fir  sty  the  second  to  the  second,  and  so  on. 

As  an  exceedingly  simple  instance  of  this  we  may  show  how  to 
find  by  means  of  it  the  cofactor  of 


1 

1 


y   7* 


in 


1 

1 


y"   / 


Since  both  divisor  and  dividend  are  alternating  functions,  thi 
quotient  must  be  a  synmietric  function.  And  looking  to  the  prin. 
cipal  terms  of  divisor  and  dividend  it  is  evident  that  /8y*,  anc 
therefore  S)3y^,  is  a  part  of  the  quotient.  But  the  product  of  th^ 
divisor  and  this  part  of  the  quotient  is  by  the  foregoing 


1     a»     a» 

1     |8>    /3» 

— 

1        y»        ^ 

1 


.8 


.2 


1    j8»    /8* 

1    y«    / 

Subtracting  this  from  the  divid0nd  and  writing  the  remainder  in 
shorter  notation,  we  have 

|«0/3V|  +  |«ii8V|. 

In  this  the  divisor  is^  as  before,  seen  to  be  contained  j9^  times, 

+  + 

therefore  SjSy  or  j  a^  /S^  y^  |  times.     Multiplying  the  divisor 

this  new  portion  of  the  quotient  we  obtain 


„0^y4|_|„l^|. 

80  that  our  new  remainder  is 


2|a>)8V|. 
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In  this  the  divisor  is  evidontly  contained  exactly  2%iiP^  timea 
[enoe  the  complete  quotient  is 

9.  When  the  factors  on  the  left  in  the  theorems  of  $$  5,  6,  7  are 
identical  as  to  their  elements,  the  expansions  on  the  right  hecome 
of  course  simpler  in  form,  the  simplification  being  more  marked  in 
k  last  of  the  three  theorems  on  account  of  the  vanishing  of  a  de- 
'SQDinant  when  two  rows  axe  identical    Thus  we  have 


«1      «2      «8      «4 

«i 

<h    > 

»8      «4 

h     h    h     \ 

% 

h^     6,    ^3     b^ 

Cj     Cj    C3     e^ 

Cj      Cj     Cg      c^ 

dj    d^    d^    d^ 

dj^    d^    d^    d^ 

«i<a<V8<V8«A 

^     oj    a|    aj 

+  2 

^^  ^ A  ^ A  *  A 

+  2 

\dj  6^j  63^8  M4 

■^   mm 

^h  <^2  <^h  ^^h 

I       •• 

Oj^  cj>2  <^A  ^A 

di     €^    dt    dl 

^<a  ^2  ^»<^  <^4<?4 

^^^2^8^* 

ai^a^2^^^^4 

+  2 

bjOj^  JjOj  ftgOj  b^a^ 
d    d     d     d 

+  2 

2^?     ^?     «     « 
c^Oi  CjOj  CgOg  c^a^ 

dj)^  djb^  d 

A 

d,\ 

^Cj  rf^  d^c^  d^e^ 

(a). 


Fmther  simplification  is  possible  in  the  important  case  \rltere  the 
Dt  in  the  r^  low  and  s"  column  is  (a;,  -  y,)~' .     Then  we  have 


;(*4-l'i) 

(«!  -  yi)' 

(«»-yi)' 
(*4-yi) 


'    (ai-yj)" 

'  (ai-y,r 

'  ("^^-y^)-' 

'  (*,-y,)- 

•  ('^s-y*)-' 

'  (*8-ys)-' 

'  (»4-y»)-' 

'  K-ys)-* 

'  (^-y.)-' 

'  (^-ys)-' 

•  (ai-y,)-' 

'  («2-y«)"' 

»  («^-y,)-' 

'  («3-y«)-' 

'  («4-y^-' 

'  («4-y.)-" 

(''i-y*)- 
(i^i-y*)-' 

K-y4)-' 
(*i-y4)'' 
(^-y4)- 
(aii-y*)- 
(«4  -  y*)"* 
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("h-yi)'*  ("i-ViY*  {"i-Vi)'*  (ai-y*)"' 

(a'j-yi)"*  (ass-ys)-*  («2-y8)-'  («j-y«)"' 

i'h-yi)'*  ('«$-yj)''  (a^-yj)"'  (a^-y*)'' 

(*4-yi)''  («*-y2)"'  («4-y8)''  (a'i-y*)"' 

the  four  other  determinants  on  the  right  being  equal  to  zero, 
example,  the  first  of  the  four 


09). 


For 


yi)''(?k  - yi)"'  («i  -  ys)"'(«8  -  y»)"* 

yi)"'(ai  - yi)"'  (*s -  ys)**(ai  -  y*)"* 

yi)"'(*a-yi)"'  ('e8-ys)''(*»-ys)"* 

yi)"'(««  -  yi)'*  («4-y»)"'(«4-ys)"* 


from  which,  if  we  remove  the  factor 


yd'\^i 
y»)'*(«i 
y.)-'(^ 
y4)"'(«s 


yi)-'(a» 

yj)"Xai 

y8)"*('«i> 
y4)-'(*» 


yi)-'(*« 
ys)"X«4 
y8)"*('«'4 
y4)-'(«4 


yi)-' 
y«)- 
y.)-' 


fhere  lemains  the  cofactor 


{^2 


yi)(«4 
yi)(«4 


yi) 
yi) 


(«s-y2)(*4-y2) 
(«i-y2)(«4-y«) 


Diminishing  each  element  of  the  first  row  in  this  by  the  oo: 
sponding  element  of  the  second  row,  and  each  element  of 
second  by  the  corresponding  element  of  the  third,  we  can  rem' 
the  factors  x^-x^^  ^  -  ^  >  cuid  have  resulting  a  determinant 
its  first  two  rows  identical 

(fi)  is  the  well-known  theorem  of  Borchardt*  regarding  dou 
alternants. 

10.  The  case  of  (a)  for  the  3rd  order,  which  was  first  given  -^ 
Cayley,t  is  worthy  of  a  little  special  attention,  on  aoooimt  of 


*  CrelUa  Journal,  liii.  p.  194. 


t  Ibid.,  hrl  p.  m. 
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simple  deduction  which  can  be  made  from  it  The  number  of  de- 
terminants on  the  right  is  then  only  two.  Taking  the  reciprocals 
of  0,  ^,  Cy .  .  .  for  the  elements  of  the  factors  on  the  left  we  have 


1- 

1    1    1 

h 

1  1  1 

1     1     1 

1     1     I 

a     b     c 

a     b     c 

a«    b»    c« 

ag  bh   ck 

1     1      1 
d     e     / 

• 

1     1     1 
d     e     / 

= 

1     1     1 

+  2 

1     1     1 

da  eb  fc 

1     1     1 

1     1     1 

1     1     1 

1     1     1 

g    h     k 

g    h     k 

^    V    ft2 

gd   he  hf 

^e  last  determinant  here,  however, 


^(abcdefghh)'^ 


d 

9 
a 


e 
h 


f 
k 


^  that  if  any  determinant  of  the  third  order  with  non-zero  elements 
^'^^^'^'ishes  identically ^  the  product  of  the  Permanent  and  Determinant 
*^^o«e  elements  are  the  reciprocals  of  the  elements  of  the  said  determi- 
^^^^^^  is  equal  to  the  determinant  whose  eHements  are  the  squares  of 
^*^*c  redproedls.    For  example,  we  have  identically 


a  a-¥d  a  +  2d 
a  +  3d  a  +  4d  a  +  6d 
a  +  6d    a-\-ld    a  +  Sdf 


a-i        (a-^d)'^   {a  +  2d)'^ 

-9 


=  0; 


r-l 


a-*  (a  +  d)-»  (a  +  2(f)-' 
(a  +  Scf)-'  (a  +  4(f)-'  (a  +  5rf)-' 
(a  +  6d[)-'  (a +  7(0"'  (a +  8(0-' 


a-  {a^dy  (a+2e0'' 
(a  +  3(f)-«  (a  +  4i)-«  (a  +  5(f)-' 
(a  +  6(f)-«  (a  +  7(f)-'  (a  +  8(f)-« 

11.  Aa  the  interchange  of  rows  and  columns  has  no  effect  either 
^  ^^ennanents  or  Determinants,  it  is  evident  that  we  may  have 
"^  than  one  form  for  the  developments  in  §§  5,  6,  7.    From  the 
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equating  of  sncli  eqairalent  fonns  interesting  identities  arise,  and 
this  is  especially  true  of  the  ease  we  have  considered  where  the 
Determinants  take  the  form  of  alternants. 

12.  It  has  only  to  be  added,  in  conclusion,  that  there  seems  to 
be  no  easy  way  of  simplifying  a  Permanent  so  as  to  find  its  value 
for  particular  yalues  of  the  elements.  The  second  alternative  defi- 
nition given  in  §  3  is,  however,  sometimes  useful  for  this  purpose, 
viz.,  when  it  is  possible  to  find  the  coefficient  of  an/z  in  the  product 
by  other  means.    A  most  curious  instance  is  that  of  the  Permanent 


2  cos 


2ir 


2cos 


2ii+l 
2.2ir 


2cos 


2.2«> 


2ft  +  l 


2oos 


2n+l 
4.2ir 


•  •  • 


2  cos 


n2w 


2ft -t-1 


2cos 


2ii+l 
2n.2v 


Sn+T 


2coa^ T    ^cosjr 5-     .  .  .    2  cos- , 

2»+l  2n+l  2ii+l 


or 


2cos 


1.1. 2ir 


2.2.2 


ii.n.2ir 


2n 


II  .    7t COS  •       •   •   •   •   •   21  COB 

+  1  »  2ii+l  '  •  2n  +  l 


which  in  this  way  we  know  must  be  equal  to  - 1  for  odd  values  of  tk 


5.  Optical  Notes.    By  Professor  Tait 

1,  On  a  Singular  Phenomena  produced  by  some  old  WindouhPanes. 

The  second  figure  in  Professor  Eveietf  s  note  {antef  p.  360)  has  -^ 
reminded  me  of  my  explanation  of  a  ph^iomenon  which  I  have     ' 
repeatedly  seen  for  more  than  twenty  years  in  the  College.    When 
sunlight  enters  my  apparatus-room  through  a  vertical  chink  between 
the  edge  of  the  blind  and  the  window-frame,  the  line  of  light  ^ 
formed  on  the  wall  or  floor  shows  a  well-marked  hink     Similar  ^ 
phenomena,  though  not  usually  so  well  marked,  are  often  seen  in^ — 
old  houses,  when  the  sun  shines  through  the  chinks  of  a  Venetiaiu—- 
blind.    They  are  obviously  due  to  inequalities  (bullVejes)  in  th^S 
glass  which  was  used  more  than  a  generation  ago  for  windew-panodi 
Professor  Everett's  figure,  which  was  drawn  for  a  eylinMeai 
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lepv-esents  tlie  geneial  form  of  a  central  section  of  such  a  bull's-eye. 
It  is  evident  that  the  focal  length  of  successive  annuli  of  such  a  piece 
of  glass,  treated  as  a  lens,  increases  from  the  central  portion  to  the 
circumference,  where  it  becomes  infinite.  For  an  approximate  study 
of  its  behaviour  we  may  assume  that  the  focal  length  of  an  annulus 
of  radius  r  is  ^/(a  -  r),  where  a  is  the  extreme  radius,  at  which  the 
sides  of  the  pane  become  parallel.  Suppose  sunlight,  passing 
thioDgh  a  narrow  slit,  to  fall  on  such  a  lens  at  a  distance  e  from  its 
centre,  and  to  be  received  on  a  screen  at  a  distance  c  from  the  lens. 
It  is  easy  to  see  that  the  polar  equation  of  the  illuminated  curve  on 
the  screen  is  (the  pole  being  in  the  axis  of  the  lens) 

p— Tj — (ac  -11^  ~ce  sec  6). 

-*'1m8  curve  can  be  readily  traced  by  points  for  various  values  of  the 

^^nstanta.     In  fact,  if  r  be  the  radius  vector  of  a  straight  line,  the 

"^^ctor  of  any  one  of  these  curves  (drawn  in  the  same  direction)  is 

P^t)portional  to  r  (A-r^,   and  the   curve  can  therefore  be  con- 

**^*Ticted  from  a  straight  line  and  a  circle.     Here  the  value  of  A  is 

\<*c-68)/c;  ».«.,  it  is  a  fourth  proportional  to  c,  a,  and  the  distance 

^*    the  screen  from  the  focus  of  the  central  portion  of  the  lens. 

^^^Imii  a  is  small  compared  with  the  least  value  of  r,  the  curve  has 

point  resembling  a  cusp,  but  as  A  increases  the  kink  appears. 

*^  is  easily  observed  by  gradually  increasing  the  distance  of  the 

^^^^^^  from  the  lens ;  and  the  traced  curves  present  forms  which 

precisely  of  the  general  character  of  those  observed. 


2.  On  tJie  Nature  of  the  Vibrations  in  Common  Light, 

^)ne  of  the  few  really  unsatisfactory  passages  in  Airy's  well- 
**^f>wn  "Tract"  on  the  UnduUdory  Theory  of  Optics  is  that  which 


the  nature  of  common  light  To  explain  the  produetion 
^  Hewton's  rings  in  homogeneous  light  to  the  number  of  several 
^^^mauids,  it  is  neoessary  that  at  least  several  thousand  successive 
^^vse  should  be  almost  exactly  similar  to  one  another.  On  the 
^1^  handy  we  cannot  suppose  the  vibrations  (which  will  in  general 
^  elliptic)  to  be  similar  to  one  another  for  more  than  a  small 
^^^ction  of  a  second ;  if  they  were  so,  we  should  see  colour  pheno- 
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mena  in  doubly  refracting  plates  by  the  aid  of  an  analysing  Nicol 
only. 

And,  moreover,  the  nature  of  the  vibration  can  have  no  periodic 
changes  of  a  kind  whose  period  amounts  to  a  moderate  fraction  of  a 
second.  Nor  can  it  have  a  slow  progressive  change.  Either  of 
these  would  lead  to  its  resolution  into  rays  of  different  wave-lengtha 
Airy  suggests,  as  consistent  with  observation,  some  thousand  waves 
polarized  in  one  plane  followed  by  a  similar  number  polarized  in  a 
plane  at  right  angles  to  the  first.  But  no  physical  reason  can  be 
assigned  for  such  an  hypothesis. 

The  difficulty,  however,  disappears  if  we  consider  the  question 
from  the  modem  statistical  point  of  view,  as  it  is  applied  for  instance 
in  the  kinetic  theory  of  gases.  We  may  consider  first  a  spojce 
average  taken  for  the  result  due  to  each  separate  vibrating  particle 
near  the  surface  of  a  luminous  body.  When  we  remember  that,  for 
homogeneous  light,  of  mean  wave-length,  a  million  vibrations  occupy 
only  about  one  five  hundred  millionth  of  a  second ;  it  is  easy  to  see 
that  the  resultant  vibration  at  any  point  may  not  sensibly  vary  for  a 
million  or  so  of  successive  waves,  though  the  contributions  from  in- 
dividual particles  may  very  greatly  change.  But  when  we  consider 
the  time  average  of  about  a  hundred  millions  of  groups  of  a  million 
waves  each,  all  entering  the  eye  so  as  to  be  simultaneously  percep- 
tible,— in  consequence  of  the  duration  of  visual  impressions, — we  see  ^ 
that  the  chances  in  favour  of  a  deviation  from  apparently  absolute^ 
uniformity  are  so  large  that,  though  possible,  such  uniformity  is  no^.^ 
to  be  expected  for  more  than  a  very  small  fraction  of  a  seconc 
The  improbability  of  its  occurrence  for  a  single  second  is  of  tl 
same  nature  as  that  of  the  possible,  but  never  realised,  moment 
occurrence  of  a  cubic  inch  of  the  air  in  a  room  filled  with  oxygen 
with  nitrogen  alone. 

[Added;  May  1,  1882. — I  am  indebted  to  Professor  Stokes  foi'-r^*! 
reference  to  his  paper  ''On  the  CJomposition  and  Besolution      of 
Streams  of  Polarized  Light  from  Different  Sources "  {Comb,  /^AtZ 
Trans,^  1852),  in  which  the  nature  of  cpmmon  light  is  veiy  ful/j 
investigated.      I  find  I  was  not  singtdar  in  my  ignorance  of    tbe 
contents  of  this  paper,  as  the  subject  has  quite  recently  been  pR>- 
posed  as  a  Prize  Question  by  a  foreign  society.] 
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PRIVATE  BUSINESS. 

The  Society  adopted  the  amendment  of  Law  XIV.  proposed  by 
Professor  Cnun  Brown,  and  decided  that  in  that  law  the  words  De- 
cember to  Jvly  shall  be  substituted  for  the  words  November  to  June. 
Mr.  Sang  moved  the  addition  to  Law  XIV.  of  the  following 
words : — "  Excepting  when  there  are  five  Mondays  in  January,  in 
which  case  the  meetings  shall  be  held  on  the  third  and  fourth 
Mondays  of  that  month." 

Mr.  D.  B.  Dott  and  Dr.  James  Clerk  Rattray  were  balloted  for, 
and  declared  duly  elected  Fellows  of  the  Society. 


Monday y  ZOth  January  1882. 

Emeritus  Professor  BALFOUR,  Vice-President, 

in  the  Chair. 

-l^e  Chairman  referred  in  feeling  terms  to  the  great  loss  sustained 
"y  the  Society  in  the  death  of  Sir  Robert  Christison,  late  President 
^^  ^he  Society. 

^^«  Right  Hon.  the  Earl  of  Rosebery  was  admitted  a  Fellow  of 
*^«  Society. 

^-  The  Historic  Evidence  for  the  Destruction  of  Pompeii  and 
Herculaneuin.    By  the  Rev.  Dr.  Cazenove. 

(An  Address  given  at  the  request  of  the  CounciL) 
^t  will  conduce  to  clearness  if,  before  making  any  remarks,  I  take 
^^  liberty  of  reproducing  the  title  of  this  address  in  a  slightly  enlarged 
^^^'iii.    In  order  to  convey  a  precise  idea  of  my  object,  it  will  be 
^^•inAle  to  frame  it  thus : — 

**0q  the  Evidence  (prior  to  the  Excavations  commenced  in  a.d.  1755) 
^  the  Destruction  of  Pompeii  and  Herculaneum  by  the  Eruption 
^^  VewiviuB  in  a.d.  79." 

It  will  be  seen  from  this  way  of  putting  the  case,  that  I  propose 
^  confine  my  attention  to  documentary  evidence.  The  reference  to 
^^nu8  is  also  important,  because  it  might  conceivably  be 
^^tained,  and  indeed  it  has  been  maintained  within  the  present 
^^tary,  that  these  cities  were  destroyed  by  other  agencies,  and  not 
^  the  outburst  of  the  neighbouring  volcano. 


422  Proceedings  of  the  Royal  Society 

The  inquiry,  which  I  propose  to  enter  upon  this  evening,  appears 
to  me  to  be  interesting  in  itself,  and  also  to  possess  some  importance 
in  its  relation  to  at  least  one  problem  connected  with  the  general 
study  of  historic  evidencei  I  am  very  sensible  of  the  honour 
conferred  by  the  Council  of  the  Royal  Society  in  inviting  me  to  lay 
the  case  before  you,  and  also  of  its  courtesy  in  according  me  such 
ample  time  for  its  statement  Allow  me  to  express  the  hope  that 
this  generous  confidence  may  not  prove  to  have  been  misplaced. 

A  large  part  of  my  paper  must  be  occupied  with  questions  on 
which  there  is  fair  room  for  considerable  difference  of  opinion.  On 
these  points,  while  offering  my  own  view,  I  am  very  far  from  wishing 
to  dogmatise^  On  the  contrary,  I  not  only  expect,  but  I  desire  to 
be  listened  to  in  a  free  and  critical  spirit ;  and  I  trust  that  I  shall 
not  be  found  to  encounter  opposing  theories  in  the  spirit  of  that 
disputant  who  is  reported  to  have  said,  ''I  am  perfectly  open  to 
conviction,  but  show  me  the  man  who  can  convince  me." 

Before  diverging  into  paths  confessedly  obscure,  it  is  necessary 
take  our  stand  for  a  moment  upon  ground  which  is  recognised 
firm  and  clear.  Accordingly,  I  start  from  the  enunciation  of  ^s 
statement;  for  which  I  may  fairly  claim  a  general  and  undisputecu 
acceptance.     It  b  this  : — 

'^  The  cities  of  Pompeii  and  of  Herculaneum  were  overwhelmi 
by  masses  of  volcanic  matter  poured  forth  from  Mount  Vesavii 
in  an  eruption,  which  took  place  in  a.d.  79." 

The  evidence  on  which  this  assertion  now  rests  does  not  requii 
any  detailed  ezamiDatioa     I  am  probably  by  no  means  the 
person  here  present  who  has  enjoyed  the  good  fortune  of  visitii 
the  remarkable  ruins  of  these  cities.     In  our  days  of  cheap 
rapid  locomotion,  it  is  in  the  power  of  numbers  to  travel  to  the 
land  and  to  gaze  upon  these  disinterred  remains.     A  eompariBOQ 
the  information  thus  obtained  with  that  derived  from  the 
of  antiquity  amounts  to  a  virtual  demonstration.     Those  who  piei 
the  less  troublesome,  but  less  direct  proof  gained  by  stady,  may 
ample  accounts  of  the  matter  in  any  good  Encydoprndda^  or  in 
books  for  travellers  to  Southern  Italy.     A  more  lavish  ezpeodif 
will  enable  them  to  purchase  volumes  richly  illustrated  with 
of  the  works  of  art  discovered  in  the  buried  citiea.    The 
of  Signer  Lippi  iu  1816,  to  the  effect  that  water  without  viji{ 
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option  was  the  agent  of  destructioa,  have  been  fiill7  answered  by 
aa  of  science;  and  the  real  nature  of  the  catastrophe  has  been 
ipreased  upon  the  public  imagination  through  the  popular  work  of 
^on  by  the  late  Lord  Lytton,  entitled  The  Last  Days  of  Pompttu 

Bat  I  am  concerned  to-night  with  the  written  evidence  alone. 
hat  evidence,  happily  for  my  audience,  is  not  overwhelming  in  bulk. 
or  is  it  conflicting  in  its  character.  Further,  it  has  not  been  thus 
kT  entangled  with  prepossessions  arising  out  of  any  such  controversy, 
iligioos,  political,  or  even  hterary  or  scientific,  as  sometimes  evokes 
he  passions  and  obscures  the  judgment 

Is  there,  then,  it  may  be  asked,  any  difficulty  in  fairly  weighing 
Ills  evidence  1  I  answer,  "  Yes ;  there  is  a  difficulty, — ^a  difficulty 
rery  real  and  very  considerable ;  and  one  that  assuredly  is  iu  nowise 
iimiiushed  by  the  circumstance  that  it  is  for  the  most  part 
unacknowledged  and  unfelt"  Herein  it  lies,  that  students  of  the 
records  still  extant  approach  them  with  an  unconscious  bias.  WhUe 
^  eye  wanders  over  the  page,  the  mind's  eye  is  busily  employed 
^^'^here.  It  recalls  the  unearthed  tombs  and  pillars  of  Pompeii, 
^r  the  torch-lit  recesses  of  Herculaneum,  as  known  to  it  through 
actual  vision  or  else  by  picture  and  photograpL  The  dry  light,  on 
^^cfa  Bacon  lays  such  stress,  is  tinted  by  coloured  glasses;  and 
^^^bers,  I  am  convinced,  read  information  into  these  documents, 
^<i  afterwards  persuade  themselves  and  others  that  they  obtained  it 
^  of  the  docnmenta  They  arrive,  indeed,  at  conclusions  which  in 
'^  main  are  just ;  but  they  are  mistaken  as  regards  the  ground 
'  their  inferences.  I  may,  of  course,  be  told  that  such  a  condition 
^  ^ffiurs  is  often  inevitable ;  that  multitudes  of  men  will  be  found, 
^  ^  vast  variety  of  subjects,  to  be  right  in  their  conclusions,  but 
^Hg  in  their  apprehension  of  the  means  by  which  they  reached 
'^^ixi.  Be  it  so ;  but,  however  capable  of  palliation  may  be  such  a 
'^^tal  condition  in  the  case  of  the  many,  it  certainly  is  not  one 
^tUdi  deserves  to  be  cherished  among  educated  men. 

It  there  any  peril  lying  in  a  contrary  direction  to  that  which  has 
^^  been  indicated )  Certainly  there  is.  It  is  conceivable  that  a 
^^^I'^t  of  the  evidence  in  question  may  have  been  so  much  struck 
by  the  carelessness  and  unconscious  prejudice  of  ordinary  critics  as 

*^  TQsh  into  an  •opposite  extreme,  and  to  minimise  the  importance 

^  definiteness  of  information  which  it  really  does  afford.     This 
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danger  may  be  enhanced,  if  he  has  been  deeply  impressed  by  the 
force  of  observations  of  such  a  tendency  which  have  proceeded 
from  the  pen  of  any  single  vigorous  and  competent  author. 

Let  me  at  once  confess  that  this  last  named  extreme  is  the  one 
into  which  I  feel  that  I  am  most  liable  to  fall  It  is  possible  that 
I  may  have  allowed  myself  to  be  unduly  influenced  by  the  following 
comment  of  Sir  Charles  Lyell,  in  his  well-known  work  entitled 
Principles  of  Oeology  (voL  ii.  bk.  ii  part  2,  chap,  il)  : — "We  have 
no  hesitation  in  saying,  that  had  the  buried  cities  never  been 
discovered,  the  accounts  transmitted  to  us  of  their  tragical  end 
would  have  been  discredited  by  the  majority,  so  vague  and  general 
are  the  narratives,  or  so  long  subsequent  to  the  event  **  (2nd  edit). 

I  have  read  these  words  in  the  form  in  which  they  have  long 
been  known  to  me.  But  it  is  right  to  reproduce  them  in  the  slightly 
modified  shape  in  which  they  are  given  by  their  author  in  the 
latest  edition  of  his  work : —  '*  It  is  worthy,  however,  of  remark, 
that  had  the  buried  cities  never  been  discovered,  the  accounts 
transmitted  to  us  by  their  tragical  end  migkt  weU  have  been 
discredited  by  the  majority,  so  vague  and  general  are  the  narratives, 
or  so  long  subsequent  to  the  event  "  (ed.  12th,  1875). 

How  far  would  such  unbelief  have  been  reasonable  1  This  is  the 
question  which  I  desire  to  submit  to  the  present  assembly.  We  hear 
judges  imploring  juries  (with  what  success  I  know  not)  to  banish 
from  their  minds  all  extraneous  considerations,  and  listen  to  the 
evidence  alone.  With  a  similar  request,  I  proceed  to  summon  the 
witnesses  in  the  case  before  us. 

They  belong  to  a  band  of  men  of  considerable  eminence  m 
literature ;  some  of  them  coming  near  the  highest  rank,  some  perhaps  « 
actually  attaining  it  I  mention  them  in  the  order  in  which  I  - 
propose  to  call  them.  They  are  as  follows: — the  poet  Martial;  the^ 
biographer  and  philosopher,  Plutarch ;  the  poet  Statius ;  the  histo— ^ 
rians  Tacitus,  Josephus,  Suetonius ;  and  the  letter-writer,  the  younge^E^ 
Pliny.  These  are  all  in  the  strictest  sense  of  the  words  contemporar]^ 
witnesses,  having  been  in  a.d.  79,  some  1800  years  ago,  all  youngL^ 
men,  or  in  the  prime  of  life.  Seneca,  who  might  have  proved  usefi^^ 
to  us,  had  been  put  to  death  by  Nero  sixteen  years  earlier,  in  a.d.  6 
and  the  elder  Pliny,  the  naturalist,  who  would  probably  ha 
saved  us  from  all  trouble  in  the  matter,  perished,  as  I  shall  ha' 
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occasion  to  remind  my  audience  at  a  later  point,  in  the  actual  con- 
flagration that  ensued.  Other  distinguished  contemporaries,  who 
have  preserved  a  total  silence  on  the  subject,  such  as  Juvenal  and 
Epictetus,  I  of  course  pass  over.  One  non-contemporary  historian 
must  be  reserved  for  a  later  stage  in  the  investigation. 

1.  To  begin  then  with  Martial     Bom  in  a.d.  43,  he  must  have 

1)eeQ  in  his  thirty-sixth  year  at  the  time  when  the  eruption  took 

place.    He  has  left  behind  him  epigrams  to  the  number  of  1523 ;  of 

^hich  the  majority  might  have  been  spared  with  advantage  to  his 

Imputation,  both  moral  and  poetical.     To  the  subject  before  us  he 

^^  dedicated  one  composition  only.     It  is  to  be  found  in  book  iv. 

^o.  44  (or,  as  some  editions  seem  to  make  it,  43).     It  consists  of 

six  lines,  and  bears  the  title  On  Mount  Vesuvius.     The  word  Vesuvius, 

^et  me  observe  in  passing,  though  employed  by  Latin  prose  writers, 

^^    e,g,y  the  younger  Pliny,  cannot  be   brought  into   Latin   verse, 

^^Qcause  all  its  syllables  are  short     Accordingly  we  find  the  forms 

'^^Bevus  (Virgil),  Vesbius  or  Vesvius,  with  the  adjective  Vesuvinus* 

^^^^tius),  and  in  Greek,  to  pia-fiury  opos.     It  is  almost  needless  to 

^^^^OTve,  that  Romans,  especially  in  the  lower  classes,  seem  to  have 

'^Qi^tified  the  sounds  represented  by  the  letters  b  and  v,  as  do  the 

^P^niards  of  the  present  day.f 

Its  gist  of  the  epigram  is,  that  Campania  had  been  a  smiling 
*^^Sion,  dearer  to  some  deities  than  seats  which  they  were  supposed 
^P^cially  to  affect ;  but  that  these  same  divinities  have  reduced  it  all 
*^  ^Bhes. 

I  liave  found  a  fairly  correct  versified  translation  in  a  book  of  the 
century. I     It  runs  thus: — 

Here  verdant  vines  oppreas'd  Vesuvio's  sides  ; 

The  generoos  grape  here  poor'd  her  purple  tides. 

This  Bacchus  lov'd  beyond  his  native  scene  [i,e.  Nysa] ; 

Here  dancing  satyrs  joy'd  to  trip  the  green. 

Far  more  than  Sparta  this  in  Venus'  grace  ; 

And  great  Alcides  once  renown'd  the  place  ; 

Now  flaming  embers  spread  dire  waste  around, 

And  gods  regret  that  gods  can  thus  confound. 

«..     ^amqne  et  flere  pio  Vesuvina  incendia  cantu  Mens  erat. — Statius,  Silvm, 
\^  ^^  cann.  ui.  206,  6. 

to  7"  "^e  illiterate  often  wrote  Bia  Noha  for  Via  Nova.     We  usually  speak  of 
T|^*topol ;  our  regiments  have,  I  believe,  Sevastopol. 
^  In  a  note  to  Melmoth*8  translation  of  Pliny's  Letters. 
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Only  the  two  last  lines  are  of  much  importance.     They  stand  in 
ae  original  as  follows  : — 

Caocta  jacent  flammis  et  tristi  meraa  favillft, 
Nee  snperi  vellent  hoc  licuisse  sibL 

Now  I  trust  that  I  shall  have  the  court  entirely  with  me,  when  I 
maintain  that  in  these  lines  the  evidence  for  the  overthrow  of 
Pompeii  and  Herculanenm  is  simply  nil.  Ruin  of  a  rural  district  is 
there ;  of  loss  of  human  life,  of  buried  cities,  there  is  not  so  much 
as  a  hint  Indeed,  so  far  as  it  goes,  it  might  be  plausibly  argued,  if 
Martial  were  our  only  witness,  that  such  a  destruction  could  not  have 
taken  place ;  for  that,  if  it  had  occurred,  he  would  have  surely  made 
at  least  some  passing  allusion  to  an  event  so  startling  and  remarkabla 

2.  Lyell  refers  to  the  narratives  of  the  event  The  next  two 
pieces  of  evidence,  in  my  opinion  by  far  the  strongest  among  the 
contemporary  ones,  are  not  narratives.  These  are  those  of  Plutarch 
and  of  Statins.     And  first  as  regards  Plutarch. 

His  name  has  been  immortalbed  by  his  famous  parallel  biographies 
of  Greeks  and  Romans, — a  book  which  has  charmed  many  eminent 
men  in  various  generations ;  to  which  Milton,  and  still  more  Shak- 
speare,  were  largely  indebted,  and  which  has  been  perhaps  a  more 
important  factor  in  the  formation  of  modem  thought  and  character 
than  has  always  been  recognised.  But  Plutarch  was  also  a  moralisi 
and  a  philosopher ;  a  light  in  which  he  has  been  justly  represen 
in  a  pleasant  little  volume  by  Dr.  Trench,  the  Archbishop  of  Dublin 

Among  his  treatises  is  one  generally  known  by  its  Latin  title,  D 
serd  numinis  vindidd.     It  is  highly  theological,  and  might  almost 
called  an  essay,  from  a  heathen's  standpoint,  on  at  least  one  half 
the  second  commandment.     Two  theologians  of  this  century,  in  m 

opposite  camps,  the  ultramontane  Count  Joseph  De  Maistre,  and 

Lutheran  convert  from  Judaism,  the  historian  Neander,  used  to  deri 
consolation  from  its  pages  during  the  years  when  the  power  of 
first  Napoleon   was  at  its  zenith.     De  Maistre   translated  it  vmzmtc 
French.*     Another  treatise  of  Plutarch's  pen  discnsaes  the  que8ta^^>ii^ 
why  the  Pythian  priestess  no  longer,  as  formerly,  delivers  the  ora^cJes 

in  verse  (Trcpl  rov  firj  ypav  Ififitrpa  vvy  rrjv  wvOiay), 

*  For  the  references  to  De  Maistre  and  Neander,  I  tm  Sndebtid  ti^     tbi 
above-mentioned  work  of  Archbishop  Trench. 
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Keiske  assigns  this  latter  treatise,  on  reasonable  grounds  of  pro- 
bability, to  A.D.  80-90,  when  the  author  was  between  30  and  40. 

Plutarch  has  written  strongly  against  superstition.     I  suspect  that 

^  Epicureans  of  his  day  must  have  considered  many  of  his  treatises, 

And  these  two  among  them,  to  be  replete  with  superstition.     It  will 

^  time  for  us  to  find  fault  with  his  inconsistency,  when  we  have 

quite  agreed  among  ourselves  where  we  draw  the  line  of  demarcation 

^>etween  true  religion  and  superstition. 

Xn  both  of  these  essays  Plutarch  makes  reference  to  the  subject  now 
before  ns.  As  a  Greek,  though  a  travelled  Greek,  he  calls  the 
^^^tricts  by  the  names  most  familiar  to  him,  viz.,  the  parts  about 
^^^^umd  and  Dicaearchia.  This  need  not  surprise  us.  We  say  of  such 
^^  one  that  he  is  a  native  of  Germany,  and  the  French  tell  us  that  he 
^^"^^xx^es  from  Allemagne, — neither  pausing  to  reflect  that  the  gentleman 
^•'ould  himself  call  his  native  country  BeutschlancL 

Plutarch's  reference  in  the  more  elaborate  and   better  known 

^^^i^^tise,  the  one  on  Divine  Chastisements,  is  of  the  briefest.     He 

'^la.tes  that  a  man  heard  the  voice  of  a  Sibyl  in  the  moon  singing 

^^rtain  prophecies,  among  which  was  that  concerning  Mount  Vesuvius 

^^^  Dicsearchia.     But  in  the  other  treatise,  which  is  in  the  form  of 

^  ^tialogue,  he  makes  one  of  the  speakers  claim  it  as  a  proof  of  the 

^"^^  prophetic  power  of  the  Sibyl,  that  she  had  distinctly  foretold 

^^  coming  catastrophe     His  words  translated  run  thus : — "  These 

'^^^^^Ht  and  strange  calamities  of  the  region  around  Cum^   and 

'^^^aearchia,  hymned   long  ago  and  sung  in  the  Sibylline  verses, 

^^^  as  If  paying  a  debt,  has  issued  forth ;  outbursts  of  mountain 

^^  aeethings  of  ocean,  heavings  up  of  rocks  and  of  burning  masses 

^  the  violence  of  the  wind,  and  withal  a  destruction  of  so  many  and 

^  9r^at  citieSf  that  men,  who  subsequently  came  to  the  spot,  were 

^^^^oed  to  a  state  of  uncertainty  and  ignorance  respecting  their  own 

^^^ollxng-place,  as  the  region  was  in  a  state  of  entire  confusion.     The 

^^^^^^rrence  of  such  events  is  difficult  to  credit ;  prediction  of  them 

^d  not  possibly  have  been  made  without  divine  assistance.'' 

^-   Thus  far  Plutarch.     His  testimony,  important  and  weighty  as 

i^  * 
^  may,  I  fancy,  be  considered  less  cogent  than  that  of  the  next 

^tuogg  I  i^Ye  to  summon,  namely,  the  poet  Statins.     Of  the  life  of 

^^  Writer  we  are  exceedingly  ignorant    He  was  a  native  of  Neapolis, 

^^bably  somewhat  senior  to  the  younger  Pliny,  who  tells  us  that  he 
Vol.  XL  3  I 
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was  in  his  eighteenth  year  at  the  time  of  the  eruption.  T 
the  works  of  Statins  which  concerns  us  is  known  not  to 
composed  earlier  than  a.d.  59,  sixteen  years  after  the  event 
over  two  casual  allusions,  one  of  which  does  intimate  1< 
among  high-bom  families,  I  turn  to  the  fourth  epistle  of 
book  of  a  collection  of  poems,  entitled  The  Woods  (Syli 
of  compositions  which,  though  thrown  off  in  haste  and  re 
their  author  as  trifles,  have  been  pronounced  by  an  excel) 
the  late  Professor  Ramsay  of  the  University  of  Glasgow 
more  pleasing  than  his  completed  epic  the  ThebcUs,  and  his  i 
one,  the  Achilleis.  The  lines  (78-86)  present  scarcely  anj 
and  I  offer  the  following  prose  rendering.  They  are  add] 
friend  of  the  poet  named  Vietorius  Marcdlus;  and  the  regie 
Chalcidian,  because  it  was  believed  to  have  been  colonisi 
grants  from  Chalcis,  in  Euboea.  Two  other  spots  mentiom 
verses,  namely,  Teate  (now  Chieti)  and  the  Marrucinian  i 
were  on  the  eastern  side  of  Italy,  at  least  70  miles  from  tb 
''  Such  are  the  strains  which  I  pour  forth  to  thee,  Mara 
these  Chalcidian  shores,  where  Vesuvius  has  enacted  his 
deeds  of  wrath,  kindling  a  conflagration  that  rivals  the 
Etna.  A  marvellous  demand  on  faith  [for  so  I  venture  to  ] 
the  words  mira  fides !].  Will  future  generations  of  men  bel 
crops  are  again  flourishing  and  these  deserted  spots  are  { 
cities  and  populations  lie  buried  beneath  (infra  urbes  , 
premi)^  and  that  ancestral  fields  have  vanished  in  nud-c 
even  yet  does  the  mountain's  crest  refrain  from  deadly  tl 
from  thy  Teate  be  such  a  fate,  and  may  this  fury  never 
Marrucinian  mountains.'' 

Hac  ego  ChalcidiciB,  ad  te,  Marcelle,  sonabam 
littoribus,  fractas  ubi  Yesbius  egerit  iras, 
iBmula  Trinacriis  volvens  incendia  flftTnnii.q. 
Mira  fides  !  credetne  vimm  ventora  propago, 
Cbm  segetea  itemm,  ciim  jam  hoec  deserta  yirebant 
Infra  urbes  populosque  premi,  proavitaque  toto 
Rura  abiisse  marl  ?  necdom  letale  minari 
Cessat  apex  :  procol  ista  tuo  sint  fata  Teate, 
Nee  Marracinos  agat  hsec  insania  montes. 

SylveB,  lib.  iv.  cann.  iv.  71 

*  Dean  Merivale  calls  attention  to  the  other  allnsions  made  hf 
subject  "peculiarly  interesting  to  him  as  a  native  of 
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These  are  certainly  remarkable  verses.  The  poet  tells  us,  some 
eight  lines  before  this  passage,  that  he  is  tending  towards  old  age 
{^^mur  in  senium).  Our  idea  of  what  old  age  means  has  been 
greatly  altered,  I  believe,  during  the  three  last  centuries.  But 
Statins  seems  to  have  enjoyed  the  fulfilment  of  the  wish  of  a  great 
^uglish  poet,  who  desired  to  live 

Till  old  experience  do  attain 

To  something  like  prophetic  strain. 

The  unbelief  foretold  by  Statins  did  actually  arise.    To  say 

notliing  for  the  moment  of  Lyell,  even  so  late  as  1816,  an  Italian 

g^eologist,  Signor  Lippi  (as  I  have  already  observed),  entirely  denied 

that  the  two  cities  had  been  destroyed  by  the  action  of  Vesuvius. 

Ill  this  connection  it  must  be  remarked,  that  the  allusion  to  Sicilian 

flames  is  not  without  some  measure  of  significance.    For  the  serious 

<^liA>racter  of  the  eruptions  of  Etna  was  well  known.    Unlike  Vesuvius^ 

wliich  had  been  quiet  for  many  centuries,  and  which  (singularly 

^xiOQgh)  was  not  included  by  Pliny  in  his  list  of  active  volcanos,  Etna 

bad  an  alarming  reputation.     Thucydides,  in  the  last  chapter  of  the 

^*hird  book  of  his  history,  refers  to  three  eruptions  of  Etna  within 

tbe  memory  of  man,  and  specifies  one  as  having  happened  in  his  own 

^y» — ^in  B.a  425 ;  which,  he  tells  us,  greatly  damaged  the  property 

^  the  people  of  Catana  (now  Catania).   An  eruption  which  happened 

^ty  years  earlier  seems  to  be  referred  to  by  the  poet  Pindar  in  his 

&vt  Pythian  ode,  and  by  iEschylus,  in  his  Frometheus  Bound.    The 

volcanic  wrath  of  Etna  is  also  recognised  by  Virgil  and  by  Lucretius. 

But  at  this  point,  a  sceptical  critic,  such  as  Lyell  seems  to  imagine, 

^'^^t  oatorally  enough  make  a  request  for  something  more.  He  might, 

I  conoeiye,  plausibly  argue  as  follows : — '*  For  an  event  which  is  d 

P^ri  improbable,  we  demand  evidence  of  extra  clearness  and  cogency. 

^^  pnnciple  is  based  upon  common  sense  and  the  experience  of  life. 

It  is  admitted  by  men  of  science — it  is  constantly  implied  and  acted 

^pon  iu  oar  law  courts.     Now  you  are  asking  me  to  accept  as  true  a 

^^fy  unheard-of  event,  and  so  far  what  have  you  produced )    A  poet, 

'^^  in  the  SylvsB  (lib.  v.  carm.  iii.  305  ;  lib.  iv.  carm.  viii.  4).     In  the  last 

u^med  passage  the  poet  congratulates  Julius  Menecrates  on  the  birth  of  a  third 
child  ;^ 

'^clari  genus  ecce  Menecratis  auget 
Tertia  jam  soboles  :  procerum  tibi  nobile  vulgus 
Crescit,  et  in^ni  aolcUur  damna  Veaevi^" 
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who  only  speaks  of  the  eruption ;  a  moralist,  or  rather  a  theologian, 
who  seems  anxious  to  prove  the  correctness  of  the  Sibyl,  as  a 
prophetess.*  Very  excellent  and  able  men  are  sometimes  in  such 
cases  inclined  to  see  what  they  wish  to  see ;  and  to  exaggerate,  even 
when  they  do  not  actually  invent  Then  comes  another  witness. 
Statius  may  not  be  untruthful,  but  poetic  licence  has  passed  into  a 
proverb,  and  a  few  houses  with  their  inhabitants  may  have  been 
exaggerated  into  *  cities  and  peoples.'  Surely  I  may  fairly  ask  for 
more  distinctness  in  point  of  date ;  above  all,  Ihcwe  a  right  to  demand 
tome  plain  MstoriccU  contemporary  narrative^  which  may  supply  %i  not 
only  with  the  date  of  the  events  but  also  vnth  the  names  of  the  buried 
cUies.'' 

How  far  can  these  demands  be  satisfied  1    This  will  be  seen,  when  m-m^si 
as  we  pass  on  to  the  grave  historians  of  the  period. 

4.  The  first  whom  I  adduce  is  indeed  one  of  lofty  renown,  Ccmdix 
Tacitus,  In  the  production  of  brief  lightning-like  phrases  for 
expression  of  the  bitterest  scorn  or  of  the  deepest  pathos,  Tacitus  volx:  is 
unsurpassed,  I  had  almost  said  unrivalled.  It  must  suffice,  in  passing  ^3^, 
to  remind  you  of  his  description  of  the  world  beyond  the  grave  as 
home  ''  where  fierce  indignation  can  no  longer  lacerate  the  heart 
(vbi  scsva  indignatio  cor  uUerius  lacerare  nequit\  or  his  description 
his  father-in-law  Agricola,  hoping  on  his  death-bed  to  meet 
countenance  of  his  daughter  and  her  husband  Tacitus :  "  And  in 
latest  glance  thine  eyes  looked  longingly  for  something"  {et  in 
simd  luce  aliquid  desideravere  oculi  tui ;  an  expression  for  which 
famous  master  of  fiction  thanked  Rogers,  though  surely  Rogers  mi 
have  first  borrowed  it  from  this  earlier  source.t 

But  in  the  power  of  simple  and  lucid  narrative,  of  a  plain  staf*- 
ment  of  plain  facts,  Tacitus  is  by  no  means  equally  pre-emine^  ^sp^ 
The  case  before  us  needed  such  a  narrative.     What  do  we  actoa-^MiiQf 

*  It  is  true  that  Plutarch  introduces  an  objector,  but  the  tendency  of  tbe 

treatise  appears  to  me  to  be  unmistakably  in  the  direction  of  belief  in  the  Sik^Biir'' 
line  predictions. 

t  ''For  a  beautiful  thought  in  the  last  chapter  but  one  of  Tht  Old 
Shop,  I  am  indebted  to  Mr  Rogers.     It  is  taken  from  his  charming  tale 

"  And  long  might'st  thou  have  seen 
An  old  man  wandering  as  in  quest  of  something — 
Something  he  could  not  find— he  knew  not  what" 

Charles  Dickens,  Preface  to  Bamaby  Rudgt,  in 
Master  Humphrey's  Clock,  yoL  iii.  (ed.  1841X 
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find)  The  historian  was  about  nineteen  years  of  age  when  the 
catastrophe  took  place,  and  he  donbtless  intended  to  leave  us  a  full 
and  detailed  record  of  the  event  This  intention,  however,  was  not 
carried  oat  In  the  prefatory  chapter  of  his  Histories,  which  were 
meant  to  embrace  a  period  of  some  one-and-twenty  years,  beginning 
with  the  accession  of  Qalba  in  a.d.  68,  our  author  describes  this  era 
as  one  whidi,  in  the  conversational  language  of  our  day,  might  be 
described  as  abounding  in  sensational  events  {opirnum  casibus).  The 
assassinations,  the  wars  civil  and  foreign,  with  other  startling 
casualties,  are  briefly  summed  up ;  and  amidst  them  we  come  upon 
the  following  sentence, — "  Hausta  axU  ohmtx  urhes  foecundissimd 
dunpanix  ord "  (lib.  L  cap.  2). 

My  own  rendering  of  these  words  would  be  as  follows : — *^  Cities 

in  ihe  most  fertile  district  of  Campania  were  engulfed  or  overwhelmed." 

Tlie  date  is  left  uncertain ;  and  if  I  might  venture  for  a  moment  to 

regard  Vesuvius  in  the  light  of  a  culprit,  I  can  see  nothing  in  the 

Ittigaage  of  Tacitus,  as  it  has  come  down  to  us,  to  connect  the  accused 

^h  the  destruction  of  the  unnamed  cities  to  which  the  historian 

'oferBL    I    submit    that    the    term    obrutx    (overwhelmed)   might 

lurtiurally  be  supposed  to  indicate  an  inundation  or  a  landslip.     The 

Preceding  participle  is  somewhat  less  clear.     Haurio  primarily  means 

^  draw ;  and  as  the  water  thus  obtained  from  a  well,  or  the  wine 

from  a  cask,  may  be  drunk,  the  verb  acquires  in  a  secondary  sense 

^  ogaifications  to  dririk  m,  to  imbibe,  to  engvlf,  or  sukUIow  up, 

^eaoe  it  may  be  applied  to  the  effect  of  an  earthquake,  and  we  find 

^^  80  employed  in  the  works  of  the  elder  Pliny :  ^^hauriri  urbes  terrse 

^i^ibut,  that  cities  were  swallowed  up  by  gapings  of  the  earth." 

^omp^  Jiai  suffered  terribly  from  an  earthquake  in  a.d.  63.     This 

^  learn  from  an  earlier  work  of  Tacitus,  the  Annals  (zv.  22) : — ^k 

^^^^le  city  of  Campania,  Pompeii,  was  to  a  great  extent  overthrown 

y  an  earthquake.     MotiL  terrx  eelebre  Campaniss  oppidum  Pompeii 

**9^  ex  parte  promiL"     Indeed  Seneca,  though  dating  the  event 

^^  year  later,  heard  that  it  had  settled  down  (desedisse),  and,  I 

t^'^sume,  actually  disappeared.     This  was   an    exaggeration;  but 

^bat  had  almost  happened,  in  a.d.  63,  might  really  have  come  to 

P^  tome  sixteen  years  later. 

lam  bound  to  confess  that  very  high  authority  appears  to  be  against 
^  as  regards  the  evidence  of  Tacitus.    That  Lipsius,  in  his  notes 


432  Proceedings  of  the  Royal  Society 

on  the  passage,  should  connect  the  calamity  with  the  eruption  ol 
Vesuvius  is,  with  our  present  knowledge,  almost  a  matter  of  course 
But  an  admirable  scholar  and  distinguished  historian,  the  presen 
Dean  of  Ely,  seems  to  go  somewhat  further  {Romans  under  tit 
Empire^  ed.  1876,  chap.  Ix.  p.  308,  note  2),  and  writes  thus,— 
''  Haustsi  ant  ohrutsb  urhes  ;  "  ^'  in  the  one  case  swallowed  up  in  stream 
of  lava,  in  the  other  overwhelmed  by  showers  of  ashes."  If  D 
Merivale  means  that  these  were  the  thoughts  in  the  mind  of  Tacitus 
and  that  contemporaries  may  possibly  have  so  understood  him,  I  an 
perfectly  willing  to  admit  it  But  if  I  am  asked  to  recognise  this  a 
the  natural  and  obvious  interpretation  of  the  passage  as  it  stands,  ] 
must  (while  fully  conscious  of  my  boldness  in  so  doing)  venture  t< 
express  a  respectful  dissent  The  ''streams  of  lava"  and  thi 
"  showers  of  ashes  "  seem  to  me  to  be  read  tnto  the  page  of  Tacitus 
but  not  by  any  granmiatical  or  linguistic  process  to  be  ixA\ 
deducible  from  it 

5.  The  two  next  witnesses,  Josephus  and  Suetonius,  need  no* 
detain  us  long.  The  Jewish  historian,  in  the  twentieth  book  of  hi 
AtUiqutties  (cap.  vii.  §  2,  ed.  Bichter),  informs  us  that  Drusilla,  a 
whom  we  read  in  the  Acts  of  the  Apostles,  was  induced,  through  tla 
influence  of  Simon  Magus,  to  desert  her  husband  Azizus,  king  c 
Emesa,  and  marry  the  Roman  governor  of  Judaea,  Felix.  From  th. 
marriage  was  bom  a  son,  whom  his  mother  called  Agripp&  Josephv 
then  adds : — ''  How  this  young  man  with  his  wife  disappeared  at  tfl 
time  of  the  conflagration  of  mount  Vesuvius,  in  the  reign  of  tfl 
Emperor  Titus,  I  will  explain  hereafter."  Like  Tacitus,  he  left  h: 
promise  unfulfilled.  But  of  all  my  witnesses  this  is  the  first  who  b* 
spoken  at  all  definitely  in  regard  to  the  dcUe  of  the  eruption.  ^ 
as  the  reign  of  Titus  lasted  only  two  years  and  two  months,  Se 
time  is  hereby  brought  witldn  a  narrow  limit  Further,  Mi 
announcement  that  persons  of  high  social  position  disappearecL 
connection  with  the  eruption,  suggests,  as  a  natural  inference^  t^ 
many  of  humbler  rank  and  of  the  slaves  may  have  perished  likeiv^ 
For  a  youthful  couple  of  the  station  occupied  by  Agrippa  and  ti 
wife  would  have  the  best  chance  of  escape  afforded  them.  I  ^ 
not,  of  course,  forgetting  that  great  loss  of  life  is  implied  in  ^ 
language  of  Statins,  Plutarch,  and  Tacitus.  But  their  sMaoeots 
are  in  this  respect  vague  and  general 
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6.  Suetonias  ib  abo  brief,  bat  Bomewhat  more  explicit.    Among 

the  sad  events  of  the  brief  reign  of  Titos,  he  enumerates  the 

conflctgratio  Vesevi  tnontis  in  Campanidj  and  proceeds  to  praise  the 

not  merely  princely,  but  even  parental  solicitude  displayed  by  the 

emperor  towards  the  sufferers  by  this,  as  by  other  calamities.     '*  He 

choee  by  lot  from  the  list  of  men  of  consular  dignity  Curatores  for 

the  restoration  of  Campania.     The  goods  of  those  who  perished  on 

Vesavins,  but  left  no  heirs,  he  assigned  to  the  restoration  of  the 

damaged  cities  (restitutioni  afflictarum  civitatum)."     This  language 

also  gives  the  reign  of  Titus,  and  distinctly  connects  with  the  eruption 

damage  done  to  some  unnamed  cities.     But  so  far  as  this  biographer 

of  the  CaBsars  is  our  guide,  the  cities  have  been  damaged  only. 

Who  would  have  supposed  that  they  had  been  swallowed  up  or 

oi^erwhelmed  f 

7.  It  is  high  time  to  come  to  the  last  contemporary  witness  on  my 
list  I  have  mentioned  in  conversation  to  at  least  a  dozen  scholars 
Uie  unsatisfactory  character  of  the  evidence  for  the  destruction  of 
Pompeii  and  of  Herculaneum  by  Vesuvius,  and  they  have  one  and 
all  replied : — "  Surely,  Pliny  has  told  us  all  about  it"  About  what  1 
T.  am  compelled  to  ask.  About  the  death  of  his  uncle,  about  the 
deetroction  of  the  small  town  of  Stabiae,  about  his  misgivings  respect- 
bis  conduct  in  not  accompanying  his  uncle,  about  his  devoted 

for  the  safety  of  his  mother,  about  his  feelings  during  the 

^^oi^  f  Yes.     About  the  destruction  of  these  two  considerable  cities ) 

-^^    The  two  letters,  which  the  younger  Pliny  wrote  at  the  request 

^^  Tacitus,  occupy  in  ordinary  editions  some  six  pages.     But  there 

^^    only  one  sentence  which  contains  so  much  as  a  reference  to  the 

^^"^^orthrow  of  Herculaneum  and  Pompeii ;  and  even  that  sentence  is 

in  terms  of  a  most  vague  and  general  character. 

I^ow  in  such  a  case  it  is  easy,  through  the  influence  of  a  conscious 

imoonscious  bias,  to  warp  an  author's  words,  and  make  a  transla- 

^^<>n  serve  the  purpose  of  a  commentary.     Distrustful  of  mjrself,  I 

appealed  to  a  brother  Fellow  of  this  Royal  Society,  one  whose 

^^thority  will  be  recognised  far  beyond  the  limits  of  these  walls  or 

^^en  of  Scotland,  the  Professor  of  Humanity  in  the  University  of 

^dinbur^     The  kindly  interest  evinced  by  Professor  Sellar  in  the 

^^^^fcler  induced  me  to  ask  his  opinion  on  so  many  other  points,  that 

1  almost  began  to  fear  that  he  would  wish  the  cities  re-buried.    On 
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every  point  but  one  I  have  foond  my  own  judgment  confirmed  1 
his,  and  I  now  read  with  entire  acceptance  the  Professor's  versi 
of  the  particular  sentence  in  question  : — "  For  although  he  perish 
by  a  memorable  casualty,  like  cities  and  their  populations,  in 
calamity  which  overtook  the  most  beautiful  regions,  and  is  th 
destined,  as  it  were,  to  live  for  ever ;  though  too  he  himself  was  t 
author  of  very  many  works  which  the  world  will  not  allow  to  di 
yet  the  continued  existence  of  his  writings  will  be  more  ensured 
the  immortality  which  awaits  yours."  * 

With  Sir  Charles  Lyell,  with  Mr.  Bunbury,  with  (I  cannot  he 
thinking)  the  vast  majority  of  those  who  will  examine  the  lettc 
impartially,  I  fail  to  detect  in  these  words  anything  like  a  proof  ifa 
two  great  cities  were  actually  then  and  there  destroyed.  Tadt 
may  have  understood  the  allusion  weU  enough ;  but  would  any  read 
of  the  passage  as  it  stands  before  us  so  understand  iti  Wh 
Casaubon  actually  proposed  to  alter  the  nominative  plural  urbes  in 
the  genitive  singular  wrbis.  That  was  a  mere  conjecture,  which  lat 
editors  have  rightly  rejected.  But  even  the  mistakes  of  clever  mi 
are  often  suggestive ;  and  I  suspect  that  this  famous  scholar  not  on 
thought  that  the  grammar  would  be  simplified  by  the  propoM 
change,  but  likewise^that  the  epistle  would  be  rendered  more  co 
sistent  with  itself.  He  only  saw  in  the  letter  a  reference  to  one  di 
namely  StabiaB ;  and  consequently  could  not  imagine  why  the  plur 
number  should  be  used.  Let  us  try  to  place  ourselves  in  the  positic 
of  the  men  of  Casaubon's  day,  none  of  whom  had  seen  the  mu 
which  are  now  known  so  well.  We  might  possibly  have  thou^t  h 
conjectural  emendation  to  be  highly  plausible. 

Let  me  not,  however,  be  supposed  for  one  moment  to  undemi 
the  interest  and  value  of  these  two  famous  letters.  Tacitus  ask: 
for  an  account  of  the  death  of  the  elder  Pliny  ^m  his  nephew,  a^ 
obtained  even  more  than  he  asked.     The  cloud  first  issuing  from  fl 


*  It  seems  right  to  give  the  original.  ''Quamvis  enim  pulchc 
clade  terrarum,  ut  populi,  ut  urbes  meniorabili  coLsd,  quasi  semper  victav 
occiderit ;  quamvis  ipse  plurima  opera  et  mansura  ooudiderit,  multom  tttS 
perpetoitati  ejus  scriptorum  tuoram  aetemitas  addet."  Mr  Lewis*!  veniotf 
substantially  identical  with  that  given  above  ;  that  of  Melmoth  is  too  mocls 
a  paraphrase  to  be  cited  in  evidence.  Professor  Sellar  has  observed,  I  sho>Q 
think  with  perfect  justice,  that  the  Latinity  of  this  silver  age  had  oeitidiilj  An 
much  of  the  precision  which  characterised  the  writera  of  the  Aqgnstan  epock 
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long  dormant  volcano,  and  assuming  the  shape  of  a  pine  tree ;  its 

alternate  brightness  and  discoloration  by  earth  and  cinders ;  the  offer 

of  the  uncle  to  take  his  nephew  in  the  vessel  ordered  for  his  own 

use;  the  whispered  apology  for  his  continuance  of  his  studies, 

couched  in  the  remark  that ''  by  chance  he  had  given  me  something 

to  write  "  (which  I  agree  with  Dean  Merivale  in  thinking  delicious) ; 

the  uncle's  change  of  purpose  in  consequence  of  a  message  from  an 

inhabitant  of  Retina ;  the  night's  rest  there,  and  the  flight  of  the 

party  at  dawn  with  pillows  tied  around  their  heads,  as  some  defence 

against  the  showers  of  stones ;  the  thick  darkness,  deeper  than  that 

of  night,  which  soon  obscured  the  daylight ;  the  fall  and  suffocation 

of  the  uncle ;  the  flight  of  the  mother  and  her  son  from  their  home, 

on  the  just  ground  that  it  must  be  the  wish  of  their  relative  th^ 

i^  should  live,  whatever  had  been  his  fate ;  the  terrified  crowds ; 

tbe  earthquake  which  rocked  the  chariots ;  the  withdrawal  of  the 

*e&,  leaving  many  marine  animals  on   the  shore ;  the  dark  cloud 

^hind,  with  its  serpentine  outbursts  of  flame ;  the  shrieks  of  women, 

the  screams  of  children,  the  cries  of  men  for  parent,  wife,  and  child  ; 

the  diBcharge,  of  which  the  bulk   happily  missed  them,  but  yet 

showered  ashes  so  heavily  that  it  was  needful  to  shake  them  off  from 

^^  to  time ;  the  conviction  of  all  (which  to  Pliny  himself  was  a  con- 

^htion)  that  the  world's  last  day  had  come, — all  this  and  more  is 

^^  with  wondrous  power. — I  only  say,  that  it  is  not  evidence  upon 

^  Queetion  now  before  us. 

Recognising  the  just  praise  due  to  Tacitus  for  his  inquiries,  and 

^  amoant  of  good  feeling  as  well  as  literary  skill  displayed  in  this, 

^  in  80  many  of  the  younger  Pliny's  epistles,  let  me  be  pardoned  if 

^  probng  this  digression  one  moment  longer  by  a  brief  reference  to 

^  elder  Pliny.     Influenced  at  least  in  theory,  I  fear,  by  that 

^icorean  philosophy  which  had  undermined  belief  in  the  future, 

^  was  Stoical,  in  the  best  sense  of  the  word,  in  the  nobleness  of  his 

^^chment  to  the  idea  of  duty.     One  of  the  defenders  of  his  country, 

''^lu)  was  admiral  of  the  Roman  fleet  stationed  off  Misenum, — ^Pliny, 

^thoot  neglect  of  the  service,  devoted  all  his  leisure  to  study,  a 

^^bination  of  pursuits  not  unknown  in  the  annals  of  this  Society. 

^erior  in  the  true  scientific  temper,  I  suppose,  to  an  Aristotle  or  an 

^ithimedes,  he  nevertheless  produced  a   work  on  natural  history 

^iuch  still  lives,  and  which  has  been  translated  into  all  European, 
Tou  XL  3  k 
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newall  Lewis  as  (at  any  rate  in  Britain)  the  most  able  and 
repreaentativa  He  would  fain  have  thrown  aside  all 
ito  the  earlier  periods  of  Roman  history,  and  have  begun 
'ar  of  Pyrrhos  against  Rome  in  b.c.  280.  It  is  right  to 
ith  Polybius,  Lewis  fully  granted  a  man's  competency  to 
its  which  happened  at  least  twenty  years  before  his  birth, 
ind  that  so  many  of  us  have  received  information  from 
ithers,  or  from  persons  of  their  generatioui  though  few  of 
f  distinct  personal  recollections  of  our  great-grandfathers.* 
f  is  so  simple,  so  trenchant  as  to  possess  attractions  for 
8 ;  and  I  must  own  to  having  been  much  impressed  by  it, 
j'  two  volumes  on  The  Credibility  of  Early  Roman  History 
ed  in  1855.  But  it  does  not  now,  I  fancy,  represent  a 
use ;  and  I  have  come  to  regard  it  as  decidedly  too  rigid 

Accordingly,  I  pass  onward. 
iix  years  after  this  great  calamity,  there  was  bom  at  Nice, 
,  one  who  in  after  life  thought  himself  called  upon  by  a 
rite  the  history  of  the  Romans  of  his  time,  Dion  Cassius. 
begin  to  collect  materials  until  122  years  after  the  fall  of 
id  it  must  have  been  140  years  after  (four  times  the  most 
ranee  for  contemporary  evidence)  that  he  published  his 

nuB  comes  before  us  with  many  drawbacks.  Not  merely 
te  long  after  the  event,  but  he  informs  us  that  just  before 
t  giants  (or  figures  like  the  pictures  of  giants)  stalked  on 
in,  were  seen  in  the  air,  and  visited  the  neighbouring 
day  and  night ;  that  not  only  droughts,  earthquakes,  and 
preceded  the  eruption,  with  roarings  of  sea  and  sky,  but 
ese  gigantic  visions  were  seen  amidst  the  smoke,  and  the 
impets  was  heard.  A  plague  burst  upon  man  and  beast ; 
ahes  also  perished ;  the  ashes  fiew  as  far  as  Rome,  and 
use  of  the  pestilence  which  undoubtedly  did  prevail ;  and 
'  buried  two  entire  cities,  Herculaneum  and  Pompeii, 
inhabitants  were  sitting  in  the  theatre." 
1  at  last,  when  a  hundred  and  forty  years  have  passed  away, 
06  hints,  after  assertions  of  a  vague  and  general  character, 

mid  extend  this  term  beyond  Polybius.     I  should  be  inclined  to 
iirty*tive  years. 
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>  at  length  learn  the  names  of  the  two  nnfortnnate  cidee  that  were 
^erwhelmed.  But  let  us  place  ouraelTes  back  in  imagination  at  the 
ime  of  the  revival  of  classic  learning  in  the  16th  centary,  and  ask 
^hat  would  have  been  oar  verdict  9  With  sincere  diffidence,  judging 
from  such  canons  of  credibility  as  I  have  been  able  to  form  for  my 
own  guidance,  I  believe  that  I  should  have  said,  that  beneath  these 
varied  testimonies  there  must  most  probably  lie  some  real  kernel  of 
truth,  but  that,  although  it  was  possible  to  underrate  the  amount  of 
the  evidence, — Lyell,  for  instance,  omits  Plutarch  and  Statins, — the 
manifest  admixture  of  legendary  matter  justified  one  in  withholding 
a  full  credence ;  and  that  serious  damage  to  the  cities  and  consider- 
able loss  of  life  had  been  magnified  into  this  absolute  destructioD. 
In  other  words,  without  absolutely  discrediting  the  story,  I  should 
have  supposed  it  to  have  been  woefully  exaggerated. 

And  yet,  on  the  main  point,  it  was,  after  all,  the  contemporary 
annalists  who  had  been  reticent  and  vague ;  it  was  the  non-contem- 


porary one  who  was  correct     From  the  single  eye-witness,  Pliny  the 
younger,  the  testis  oculatiis,  whom  a  Roman  proverb  declared  to 
worth  more  than  ten  who  went  by  hearsay,  we  get  virtually  nothing 
from  the  man  who  published  a  narrative  four  generations  afl 
(supported  no  doubt  by  two  contemporaries,  a  poet  and  a  moralist) 
obtain  names,  dates,  and  all  that  is  most  requisite  for  the  productic 
of  a  positive  and  definite  statement     There  came  a  day  when  ti 
words  of  Dion  Cassius  were  to  be  proved  truthfuL     First  a  glim] 
of  some  columns,  then  a  shaft  sunk  in  Herculaneum  with  the  obj< 
of  making  a  well,  and  at  length,  in  1755,  after  a  silence  (brokz-  ^^d 
only  by  some  more  general  statements  of  a  few  historians)  whH.  <7l 
had  lasted  for  1676  years,  Pompeii  was  at  length  disclosed.     Tl^be 
streets,  the  tombs,  the  baths,  the  forum,  the  school  for  gladiatcz^r^ 
the  temples,  the  shops,  the  fountains,  all  were  there, — preeervedj 
has  been  truly  said,  by  the  very  catastrophe  which  seemed  to 
wrought  their  destruction.     Not  grand  as  a  whole,  yet  not  want^io^ 
in  the  signs  of  elegance  and  luxury  in  domestic  architecture,  or  in  tb^ 
marks  of  culture  and  civilisation,  Pompeii  was  once  more  visiU^ 
The  lamps,  the  buckles,  the  loaves,  the  roll  about  to  be  made  ioto 
pills,  the  greaves  and  cuirasses,  the  statuettes,  the  cogged  dice,  the 
candelabra,  the  ornaments  for  female  dresses,  could  all  be  reoogaieed. 
So  far  the  number  of  skeletons  found  has  not  been  large.    The  retfoo 
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for  this  is  still  a  disputed  question.  Some  buildings  inquirers  did 
not  expect  to  find,  and  did  not  find ;  there  was  no  hospital  or 
infirmary, — that  was  a  feature  of  life  unknown  to  Greek  or  Eoman 
civilisation.  But  much  that  was  unexpected  was  found,  as,  for 
instance,  beautiful  glass  windows  and  objects  made  of  blown  glass. 
Herculaneum  has  been  less  excavated ;  the  modem  town  of  Portici 
stands  above  it,  and  the  expense  of  penetrating  the  harder  material 
is  greater.  Still  none  can  doubt  but  that  few  discoveries  have  thrown 
iQore  light  upon  the  details  of  the  manners  of  those  times  than  these 
marvellous  and  unexpected  disclosures 

In  conclusion,  I  would  venture  to  lay  down  four  positions  as 
^laturally  arising  out  of  this  inquiry. 

1.  It  does  not  appear  to  lend  support  to  the  views  of  a  school, 

somewhat  fashionable  just  at  present,  which  would  represent  history 

^s  cdmply  one  vast  falsehood.     Several  of  our  witnesses  have  certainly 

oeexi  vague,  and  so  far  misleading,  but  they  have  not  in  any  case  been 

P«t>ved  false ;  and  two  among  them,  Tacitus  and  Josephus  (to  say 

Clothing  of  the  elder  Pliny),  intended  to  have  told  us  more.     By  all 

'^iea.ns  let  both  premises  and  conclusions  in  history  be  examined  with 

^Ue  severity.     Its  assertions  may  never  reach  demonstration;  but 

^tiey  may  in  some  cases  fall  short  of  it  by  an  amount  less  than  any 

^^•ignable  quantity.     Let  me  repeat,  on  this  head,  the  words  which 

*   Hoard  uttered  by  Dr.    Arnold    almost    forty   years  ago : — "  If 

^^^torical  testimony  be  really  worth  nothing,  it  touches  us  in  one 

^   the  very  divinest  parts  of  our  nature,  the  power  of  connecting 

^^ifBdves  with  the  past"  * 

2.  This  inquiry  does,  if  I  am  not  mistaken,  deal  a  serious  blow  at 

*^^  view  of  that  school  which  would  limit  our  historical  researches  to 

^^o  study  of  contemporary  written  evidence.     It  is  true  that  such  a 

^^dple  cannot  adequately  be  judged  by  any  single  instance ;  but 

^^^t^  are  plenty  more  to  be  had,  as  for  example,  the  narrative  of  the 

^dian  campaign  of  Alexander  the  Great,  for  which  we  now  depend 
^***iiily  upon  Arrian,  who  was  bom  four  hundred  years  after  the  death 
^  Alexander.  Still  the  case  before  us  supplies  an  exceedingly  crucial 
^^  It  is  but  seldom  that  we  can  hope  to  confront  the  statements 
^  loatorians  with  such  evidence  as  has  been  afforded  by  the  excava- 

*  Lectures  on  Modem  ffistoryj  lect.  viii. 
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the  calm  diacoasion  befitting  this  Society.  Thus  mnch  only  let  me 
remark,  that  any  student  of  these  questions  would  do  well  to  ask 
whether  this  extension  of  sympathy  has  not  been  a  plant  of  somewhat 
tardy  growth.  Let  him  look  at  the  feudalist  historians,  such  as 
Froissart  and  De  Comines:  let  him  read  the  comments  upon  the 
letters  of  Madame  de  Sevign^,  made  in  one  of  the  great  books  of  this 
century,  the  American  Democracy  of  De  Tocqueville. 

In  the  very  year  1755,  in  which  the  ruins  of  the  Campanian  cities 

were  first  excavated,  Europe  was  startled  by  a  catastrophe  no  less 

terrible, — ^by  that  earthquake  at  Lisbon  (at  first  discredited  even  by 

such  a  man  as  Dr.  Johnson),  but  which,  when  proved,  produced  a 

profound  impression,  as  well  it  might,  when  we  remember  that  it 

destroyed  one-third  of  an  European  capital,  and  caused  the  death  of 

15,000  persona     Let  the  inquirer  read  the  accounts  not  only  as 

^tven  by  British  historians,  but  also  in   Sismondi's  Histoire  des 

^rcwpM,    He  will  find  himself  in  the  presence  of  questions  connected 

w-ith  the  proper  limits  of  sjrmpathy  and  of  tolerance,  of  which  I  will 

only  venture  to  say  here,  that  I  cannot  regard  them  as  yet  fully 

aol^ed ;  and  that  I  can  hardly  believe  that  they  ever  will  receive 

their  solution  from  any  who  imagine  them  to  be  simple  elements 

^^H.ich  can   be  easily  disengaged  from  the  complex   structure  of 

^"^o^em  civilisation. 

APPENDIX. 

(Added  during  Printing,) 

-At  the  conclusion  of  the  above  paper.  Dr.  Donaldson,  Professor  of 

^tinanity  in  the  University  of  Aberdeen,  after  kindly  thanking  its 

^^^or  for  his  address,  made  two  exceptions  to  its  line  of  argument 

*^  the  first  place,  urged  the  Professor,  the  gaps  in  the  history  of  those 

^^U^  are  so  great  that  one  would  hardly  wonder  if  the  destruction  of 

^^Qoe  cities  had  remained  entirely  unnoticed.    The  wall  of  Antoninus 

^^ween  the  Forth  and  the  Clyde  was  only  mentioned  by  one  author, 

^"^  he  did  not  write  until  a  century  after  its  formation.     Moreover, 

^e  important  passage  bearing  upon  the  question  had  been  overlooked. 

'^  emperor  Marcus  Aurelius,  in  his  well-known  Meditatums^  written 

^^ut  a  century  after  the  event,  refers  to  the  destruction  of  Pompeii 

^^  Herculaneum  as  an  event  perfectly  well  known. 
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I  have  tried  to  consider  these  remarks  with  the  respect  due  U 
their  own  force  and  to  the  high  claims  of  the  speaker.  But  they  d< 
not  seem  to  me  to  be  fatal  to  the  positions  taken  up  in  my  address 
for  the  following  reasons  : — 

1.  The  formation  of  a  vallum,  though  an  interesting  and  importan* 
eventy  was  nothing  very  novel.  Hadrian,  the  predecessor  o 
Antoninus,  had  made  one  nearly  twice  as  long  between  the  moutl 
of  the  Tyne  and  the  Solway  Firth.  Nor  can  it  be  considered  U 
have  any  such  startling  and  sensational  character,  as  to  make  a  verj 
vivid  impression  upon  the  imagination  of  contemporaries.  It  wai 
effected  more  than  1000  miles  from  Rome,  among  tribes  regarded 
by  the  Romans  as  wild  barbarians.  But  the  event  discussed  in  the 
above  address  occurred  in  Italy  itself ;  it  fell  upon  two  well-knowi 
cities  not  200  miles  from  Rome,  where  eminent  Romans  possessed 
villas  ;  and  it  was,  so  far  as  the  Italian  pensinula  is  concerned,  some- 
thing eminently  startling  and  previously  unheard  of. 

2.  By  the  kindness  of  Dr.  Donaldson,  I  am  in  possession  of  the 
precise  words  of  M.  Aurelius,  which  I  had  certainly  overlooked. 
Literally  translated,  they  run  thus : — "  How  many  entire  cities,  so  to 
speak,  have  perished  [or,  are  dead] ;  Helled  and  Pompeii  and 
Herculaneum  and  numberless  others.''*^ 

Let  it  be  observed  that  this  is  not  contemporary  evidence ;  for  \ 
is  a  century  after  the  event.    Further,  forasmuch  as  Helic^  in  Achaii 
perished  suddenly  by  an  earthquake,  it  might  be  inferred  that  tli 
Campanian  cities  had  probably  been  destroyed  in  like  manner.     ^ 
student  of  these  words,  at  the  time  of  the  revival  of  learning,  wooh 
detect  in  them  a  hint  that  Vesuvius  was  in  anywise  implicate 
although  the  contemporaries  of  the  imperial  author  might  happen 
be  well  aware  of  it     But  is  it  evidence  which  could  be  produced- 
a  court  of  justice  as  on  a  level  with  that  of  Dion  Cassiusf    Do  ^m 
the  words  *^  numberless  others ''  imply  that  Pompeii  and  Herculane"^ 
had  been  destroyed  in  some  way  which  was  not  very  uncommon  f 
would  still  respectfully  submit,  that  the  passage   would  be  ju^s 
classed  by  Lyell  among  the  testimonies,  which  are  not  merely  c^^^ 
contemporary,  but  likewise  somewhat  vague  and  general 

HpKXdvop^  KaX  &x\ai  dvcLptOfiiirdi.  — Marci  Antonini  Cammenkuriorumf  lilt^  fi 
cap.  48. 
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The  following  Communications  were  read : — 

2.  On  a  Specimen  of  Sowerby's  Whale  (Mesoplodon  Udens) 
captured  in  Shetland.    By  Professor  Turner. 

Sowerby's  whale  is  one  of  the  rarest  of  the  cetacea  which  frequent 

the  British  seas.     It  was  first  recognised  as  a  distinct  species  by  Mr. 

James  Sowerby,  from  a  specimen  cast  ashore  in  1800  on  the  coast  of 

Elgin,  and  named  by  him  Physeter  hidens.*    From  that  time  to  the 

present  no  properly  authenticated  specimen  has  been  obtained  in 

Scotland,  although  it  is  not  unlikely  that  a  skull  in  the  Museum  of 

Science  and  Art  in  this  city,  a  description  of  which  I  gave  to  this 

Society  in  1872,t  may  have  belonged  to  an  animal  captured  in  the 

Scottish  seas.     Two,  if  not  three,  specimens  have  been  obtained  on 

^©  Irish  coast,  but  I  know  of  no  example  of  this  whale  having  been 

^^xight  in  England.     In  my  former  communication  to  this  Society, 

^  inferred  to  two  specimens  taken  in  France  (Havre,  Calvados),  one 

^^   Ogtend,  one  on  the  coast  of  Norway,  and  one  on  the  coast  of 

^^^«(ien,  and  this  completed  the  record  of  this  animal  so  far  as  I 

^j^^^d  find  a  reference  in  zoological  literature.     I  was  not  aware  at 

time  that  a  specimen  had  been  stranded  on  Nantucket  Island, 

^^sachusetts,  U.S.,  about  the  year  1867,  and  that  the  cranium 

in  the  Museum  of  Comparative  Zoology,  Harvard  College.^ 

animal  was  said  to  be  new  to  America. 

^^ore  recently,§  Professor  Keinhardt  of  Copenhagen  has  described 

Sowerby's  BrUiah  Miscellany  of  New  or  Rare  AnimaU,  voL   i.   p.  1, 

"^     "On  the  occurrence  of  Ziphius  eavirostris  in  the  Shetland  seas,  and  a 
^^^'^^iliarison  of  its  skuU  with  that  of  Sowerby's  Whale,"  Trans,  Boy,  Soc,  Edin,, 

^    ^    See  reference  by  Prof.  Agassiz,  in  Proe,  Boston  Soc,  Nat,  Hist,,  Nov.  16, 

jj^^^.    Mr.  J.  A.  Allen,  **  Catalogue  of  the  Mammals  of  Massachusetts,"  in 

'**^tet%n  of  the  Museum  of  Comparative  Zoology  at  Harvard  College,  vol.  i., 

^^1869,  p.  205.     MM.  Van  Beneden  and  Gervais,  Ostiographie  des  CUadSf 

*  Frof.  Van  Beneden  referred,  in  Bull,  de  VAcad.  Boy,  de  Belgique,  F^vrier, 
*^SO,  torn,  xlix.,  to  a  female  cetacean  captured  in  December  1879  at  Hillion,  on 
^^  West  coast  of  France  (C6tes  du  Nord),  which,  from  the  description  sent  to 
^^  might,  he  thought,  be  either  Ziphius  camrostris  or  Mesoplodon  sowerbyi, 
VOU  XI.  3  L 
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and  figured*  a  female  cetacean,  Mesoplodon  hidens,  which  he  identifies 
with  Sowerby's  whale.  It  was  captured  on  the  3rd  Fehniary  1880, 
at  Hevringholm  Strand,  on  the  east  coast  of  Jutland.  As  natural- 
ists have  possessed  so  few  opportunities  of  seeing  this  animal, 
I  append  an  abstract  of  Professor  Beinhardt's  account  of  this 
specimen : — 

''It  was  13  feet  9  inches  (Danish)  long,  and  nearly  full  grown.  Except 
in  a  few  places,  nearly  all  the  cuticle  was  removed,  for  the  animal  had 
been  dead  for  over  a  month.  The  remains  of  the  epidermis  and  the 
interior  of  the  mouth  were  blackish.  The  body  in  firont  of  the  dorsal 
fin  was  rounded  transversely,  but  a  little  behind  the  head  it  was  com- 
pressed laterally,  and  towards  the  dorsal  mesial  line.  Behind  the  dorsal 
fin  the  body  was  compressed  into  a  sharp  dorsal  keel,  which  faded  away 
on  the  upper  surface  of  the  tail.  A  sharp  keel  did  not  exist  on  the  under 
surface,  though  it  was  also  somewhat  compressed.  The  tail  did  not  have 
a  mesial  notch  between  its  lateral  lobes.  The  anteriorly  converging 
farrows  in  the  throat  ran  together  in  this  animal  similarly  to  what  was 
described  by  Mr.  W.  Andrews  in  an  Irish  specimen.  The  external  auditory 
meatus  was  large  and  conspicuous,  its  size  perhaps  depending  on  the 
circumstance  that  the  epidermis  was  removed.  The  external  nares  were 
semilunar  and  not  mesial,  but  more  to  the  left,  so  that  scarcely  a  third 
was  on  the  right  side  of  the  mesial  line.  Moreover,  it  cut  the  middle 
line  a  little  obliquely,  so  that  the  end  of  the  right  comu  reached  a  little 
more  forwards  than  the  left,  and  the  want  of  symmetry  showed  itself  also 
in  the  left  side  o(  the  crescent,  being  somewhat  more  curved  than  the 
right.  The  contour  of  the  head,  when  looked  at  from  above,  showed  a 
greater  convexity  to  the  outer  side  of  the  spiracle  on  the  left  side  than 
on  the  right.  As  is  well  known,  the  mandible  of  this  whale  possesses  a 
pair  of  compressed  teeth,  large  in  the  male,  smaller  in  the  female.  On 
first  seeing  this  specimen  no  teeth  were  recognised,  for  the  mandibular 
teeth  were  covered  and  concealed  by  the  skin.  But  some  days  later 
when  the  integument  was  more  shrunk,  two  small  functionleas  teeth,  of 
about  the  size  of  a  pin's  head,  were  also  seen  on  each  side  of  the  ujiper  jaw 
about  to  emerge  from  the  skin,  in  which  they  were  so  loosely  lodged  that 
they  were  freely  movable.  The  more  anterior  tooth  was  d"  3'"  horn  the 
tip  of  the  superior  maxilla,  the  second  6'"  behind  the  first,  and  at  a 
similar  distance  behind  the  second  a  third  could  be  feh  on  catting  into 
the  skin,  and,  more  posteriorly,  apparently  a  fourth.  No  small  function- 
less  teeth  were  seen  in  the  mandible,  though  they  were  also  probably 

In  a  letter  which  he  has  favoured  me  with,  in  reply  to  a  queiy  for  fiirtber   : 
information,  he  states  that,  having  bought  the  skeleton,  he  found  it  to  be 
Hyperoodon. 

*  Oversight  over  d,  K,  D,  Vidensk.  SeUk.,  Forhldl.  1880, 
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present  in  this  spedmen.     The  skeleton,  unfortunately,  was  not  pre- 
served"* 

On  the  9ih  November  1881,  it  was  reported  to  Professor  A.  W. 
Malm  of  Goteborg,  that  a  small  whale  had  been  found  dead  off 
Vanholmen,  near  Marstiand,  Sweden.     Dr.  A.  H.  Malm  went  to 

see  the  specimen,  and  acquired  the  skeleton  for  the  Goteborg 

M!u8eum.f 

He  reports  that  the  animal  was  a  male,  4500  millimetres  (nearly  16  feet) 

long,  and  that  it  was  a  Sowerby's  whale.    It  was  found  floating  by  the 

fiisherman  in  a  narrow  creek — dead,  but  fresh.    The  animal  had  been 

partially  flensed  before  Dr.  Malm  saw  it.     The  colour  was  dark  slate, 

greyish-white  irregularly  scattered  spots,  especially  on  the  ventral 

The  lobes  of  the  tail  measured  transversely  1200  mm.    The  tail 

^Mra^  not  strongly  concave  posteriorly,  as  is  figured  by  Diunortier  in  the 

Ostend  specimen,  but  was  almost  transverse,  with  a  convexity  forming 

^^^  obtuse  angle,  and  not  a  mesial  notch  between  its  lateral  lobes.    The 

sxiout  tapered  more  rapidly  from  the  comer  of  the  mouth.    Behind  the 

'^'^^th  the  slit  of  the  mouth  resembled  a  bow  turned  upwards,  but  in 

^■■^ojit  it  was  at  first  like  a  bow  turned  downwards,  and  then  it  was 

•tarjaight  to  the  tip  of  the  snout    The  upper  lips  were  drawn  up  so  that 

^fr^  palate  sank  below  them,  and  fitted  into  the  furrow  of  the  mandible. 

LC  teeth  projected  outside  the  lips  when  the  mouth  was  shut.    Only 

o  teeth  were  present,  one  in  each  mandible,  but  an  alveolar  furrow 

*3t tended  for  about  7  mm.  behind  each  tooth,  as  if  for  the  lodgment  of  a 

^**^aller  tooth,  such  as  was  found  in  the  Swedish  specimen  previously 

^*^^uibed  by  Professor  A.  W.   Malm.J    The  tongue  was  fixed  to  the 

^^^^Hdible,  so  that  only  the  point  was  free.    The  external  nares  were 

^^xtiilunar,  concave  forwards,  and  formed  a  third  of  a  circle.    Anterior 

^  "the  nares,  the  head  had  a  fine  rounded  shape.    The  dorsal  fin  pointed 

r^^Vwiids  ;  its  posterior  edge  considerably  falcated  ;  its  length  460  mm., 

^^  lieight  200  muL    The  anterior  limbs  were  very  small ;  the  anterior 

Professor  Reinhardt  refer?  in  his  paper  to  tnco  Amciicnn  specimens  of 
erby'i  whale,  the  one  taken  at  Dennis,  Massachusetts,  in  1869,  the  other 
^   Newport,  Rhode  Island,  in  the  same  year.     But  in  a  letter  which  he  has 
^onred  me  with,  he  informs  me  that  he  is  now  satisfied  that  these  animals 
^^'^  not  Ifesoplodon  bidens  (Sow.)  but  ffypcroodon  rostraius. 
M«^  Gdteborg's  NcUurhistariska  Museum ^  Zool,  ZooL,  A/delnivgama,  1882. 
^^'tNigh  the  courtesy  of  Dr.  A.  H.  Malm,  I  received  an  early  copy  of  his 
?*P^r,  which  reached  me  a  few  days  after  my  communication  was  read  to  the 
r^al  Society.     To  give  sequence  to  the  narrative,  1  have  incori)onited  in  the 
*^^  the  above  taalysis  of  Dr.  Malm's  jmper.     I  am  indebted  for  a  translation 
I)r.  Malm's  description,  and  of  that  in  Professor  Beinhaixlt's  pa],er,  to  a 
loiUjg  Swediah  gentleman,  one  of  my  pupils,  Mr.  Arwid  Kellgren. 
^  SvtU^iitr  i  Sveriges  Muaeeti  &n  1869 
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edge  was  bent  slightly  back ;  the  posterior  formed  at  the  middle  a 
rounded  projecting  angle.  It  was  almost  the  same  size  as  the  previous 
Swedish  specimen,  also  in  the  Goteborg  Museum,  but  the  head  was  a 
little  longer,  though  not  quite  so  broad,  and  the  teeth  were  lower  but 
longer  (along  the  mandible)  than  in  the  earlier  specimen. 

In  September  1881,  the  Rev.  Greorge  Grordon  of  Bimie,  Elgin, 
wrote  to  me,  that  when  on  a  visit  recently  to  Hillswick,  Shetland, 
he  had  seen  the  skull  of  a  small  cetacean,  which  he  was  led  to  think 
was  a  Sowerby's  whale,  and  that  the  skeleton  was  in  the  possession 
of  Mr.  John  Anderson  of  Hillswick.     I  accordingly  wrote  to  Mr. 
Anderson  to  request  him  to  present  the  skeleton  to  the  Anatomical 
Museum  of  the  University,  and  at  the  first  opportunity  he  m( 
courteously  forwarded  the  bones  to  me,  when  the  accuracy  of  Mr. 
(Gordon's  diagnosis  of  the  species  was  at  once  confirmed.     I  desii 
to  express  my  thanks  to  Mr.  Gordon  for  having  so  generously  giv< 
me  information  of  the  specimen,  and  to  Mr.  Anderson  for  his  lil 
ality  in  presenting  the  skeleton  to  the  Museum. 

This  whale  was  captured  in  April  1881  by  Mr.  Thomas  Andersoi 
who  has  kindly  furnished  me  with  the  following  particulars, 
saw  it  struggling  near  the  shore  in  the  Urafirth  Yoe,  Northmavii^^c^B^e 
on  the  west  coast  of  the  main  island  of  Shetland,  and  his  attenti^BHc^u 
was  directed  to  it  by  hearing  at  short  intervals  a  deep  groan.  Ji 

rifle  was  then  fired  at  it,  and  the  animal  swam  into  a  narrow  cres=^l^ 

where  it  was  harpooned.     It  was  a  nude,  14  feet  in  length,     j ~-fce 

back  was  dark  bluish-grey  or  slate-coloured,  becoming  lighter  on 
sides  and  whitish  on  the  belly.     Grey  or  whitish  streaks  and 
often  circular,  were  irregularly  scattered  over  the  side&     The  s' 
was  smooth,  except  on  the  belly,  which  was  ribbed  not  unlik 
stocking:  this  ribbed  appearance  began  near  the  jaw  and 
back  beyond  the  flipper.     A  deep  crevice  was  between  the     "*wa 
halves  of  the  lower  jaw,  which  came  to  a  point  in  front,  but  heG^xme 
wider  and  shallower  behind.     The  beak  was  elongated  and  poiiz^ted 
The  mouth  slit  was  straight  in  front  of  the  teeth  in  the  lower   jaw, 
but  behind  the  teeth  it  was  curved  with  the  convexity  upward  saiuf 
backwards.     The  blowhole  was  semicircular  in  shape,  and  with  a 
flap  which  seemed  to  close  it  at  wilL     The  pectoral  flipper  aeemed 
to  be  1^  or  2  feet  long,  but  no  measurement  was  mad&    A  doaal 
fin  projected  from  about  the  middle  of  the  back.    The  tulmeaBond 
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^  feet  between  the  tips  of  the  two  lobes.  The  two  mandibular 
ieeth  projected  upwards  from  between  the  lipa  at  the  aides  of  the 
^oat,  evea  when  the  mouth  was  shut ;  and  a  bunch  of  barnacles, 
about  6  inches  long,  was  firmly  attached  to  each  tooth.  The 
stomach  was  empty,  and  appeared  very  small  for  the  size  of  the 
animal 

It  ia  interesting  to  note  that  Urafirth  Voe,  where  this  Mesoplodon 
''^'iens  (Sowetby)  was  caught,  is  only  4  miles  from  Hamna  Voe, 
where  the  specimen  of  Ziphitts  caviroatris  was  obtained  which  I 
•i^acribed  to  this  Society  in  1872,  and  for  the  skull  of  which  I  am 
"'fio  indebted  to  Mr.  Anderson. 

The  following  table  gives,  so  far  as  is  known,  the  sex  of  the 
different  specimens  which  have  been  captured,  the  localities,  the 
'lates  of  capture,  the  naturaliste  who  have  described  them,  and  the 
"ftoaeams  where  the  skeletons,  or  part  of  the  skeletons,  ai'e  pre- 
»wved:— 


T 

J. 
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The  nicDmstances  under  which  this  animal  has  been  seen  have 

^^  been  faTourable  for  the  determination  of  its  external  characters, 

^  before  it  has  been  examined  by  zoologists,  it  has  either  been 

^ch  decomposed  or  partially  or  wholly  flensed  or  dismembered 

'^Ol  the  several  fragmentary  descriptions  by  different  naturalists, 

have  compUed  the  following  summary  of  its  external  appear^ 

-Length  in  adult,  14  to  16  feet.  Beak  long  and  slender.  Head 
**'elling  oat  considerably  behind  the  beak.  Body  elongated. 
^ck  dark  tJuisltgre;  or  slate-colonied,  aides  lighter,  belly  whitish. 
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as  it  came  into  my  hands  was  23^  inches  long.  It  is  not  my 
intention  to  give  a  detailed  description  of  the  Shetland  skull,  as 
the  cranial  characters  of  this  animal  have  already  been  recorded  at 
considerable  length  by  MM.  F.  Oavier,  Van  Beneden,  Gervais,  and 
rnyBell  But  as  these  specimens  were  all  females,  it  may  be  useful 
to  point  out  some  features  of  difference  which  it  presented,  and  I 
shall  especially  compare  it  with  the  female  skull  in  the  Museum  of 
Setenoe  and  Art,  Edinburgh. 

In  the  first  instance,  I  give  a  table  of  comparative  measurements 
of  the  two  crania,  expressed  in  feet  and  inches. 


I 


Table  of  Cnnial  Measnrements. 


Greatest  height  of  cranium  from  vertex  to  pterygoids  . 
Breadth  of  cranium  across  middle  of  superior  margin  of  \ 

orbits  ..... 

Breadth  of  cranium  between  zygomatic  processes  of 

sQuamosals  ..... 
Breaath  between  antorbital  notches 
Breadth  of  occipital  condyles    .... 
Prenazillse,  ffreatest  widUi  behind  anterior  nares 
PrernftTillflR^  least  width  opposite  anterior  nares 
I^i^mazills,  greatest  width  in  front  of  anterior  nares  . 
Width  of  anterior  nares  .  .  ,  • 

Mandible,  length  of  ramus        .... 
^I^^iidible,  length  of  symphysis 
Mandible,  greatest  vertical  height  of  ramus 
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l^e  cranial  sutures  were  not  quite  so  distinct  as  in  the  skull  in 

"^  Museum  of  Science  and  Art     The  upper  borders  of  the  rostral 

Portions  of  the  two  premaxilbe  were  not  so  much  turned  inwards^ 

*^d  the  widest  interval  between  these  borders,  near  the  base  of  the 

^^^  was  1^  inch,  and  not  fth  inch,  as  in  that  specimen.    Instead 

^^  ^U  open  meso-rostral  canal,  a  distinct  meso-rostral  bone  occupied 

out  did  not  entirely  fill  up  the  hollow  between  the  premaxilbe ;  for 

^'^  bone  was  divided  into  two  not  quite  symmetrical  halves  by  a 

"*®«ial  Buperior  furrow,  in  which  probably  an  unossified  part  of  the 

™®^o-ioBtnd  cartilage  had  been  lodged.     This  furrow  was  bounded 

^^d  by  the  anterior  end  of  the  mes-ethmoid  bone,  which  extended 

These  measurements  of  this  skull  have  already  been  published  in  my 
^*^n  on  the  Bones  of  the  Cetacea  collected  by  H.M.S.  "  ChaUenger,"  1880. 
^  '^Ma  mandible  ia  imperfect 
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into  the  base  of  the  beak  for  1 J  inch  beyond  the  pie-maxillaTy 
foramen,  whilst  in  the  skull  in  the  Museum  of  Science  and  Art  it 
did  not  extend  more  than  half  an  inch.     The  pre-maxUlaiy  foramen 
was  immediately  in  front  of  the  maxillary  foramen  in  both  speci- 
mens, and  the  lateral  border  of  the  base  of  the  beak  was  in  both  a 
sharp  ridge  and  not  grooved.     In  the  Shetland  specimen  the  meso- 
rostral  bone  was  fused  both  with  the  vomer  and  the  pre-maxillaB, 
though  grooves  on  the  surface  showed  the  line  of  demarcation  from 
the  premaxillaa.   The  meso-rostral  bone  became  attenuated  anteriorly, 
and  ended  in  a  fine  point  immediately  behind  the  broken  end  of  the 
beak.     In  the  type  skull  in  the  Oxford  Museum,  if  I  may  judge 
from  a  cast  of  that  specimen,  the  ossification  of  the  meso  rostral 
cartilage  had  extended  very  completely  for  nearly  6  inches  in  front 
of  the  mes-ethmoid,  and  less  completely  for  3  additional  inches^ 
The  presence  of  a  meso-rostral  bone  and  of  large  mandibular  teetlai 
are  therefore  characteristics  of  the  adult  male.    The  vomer,  where  i** 
appeared  mesially  on  the  under  surface  of  the  beak,  was  somewha:. 
thicker  than  in  the  skull  in  the  Museum  of  Science  and  Art     Th  m 
tympanic  bones  were  lost,  but  the  left  petrous  bone  was  preservec^ 
It  closely  resembled  the  petrous  bone  of  Mesoplodon  layardi  figures 
by  me  in  the  Reports  of  H.M.S.  "  Challenger.*'* 

The  pair  of  mandibular  teeth  projected  nearly  2  inches  beyo^H 
the  alveolu&     They  were  triangular  and  laterally  compressed, 
anterior  border  sloped  very  obliquely  forward ;  the  posterior  boi 
was  almost  vertical.      The  surface  of  the  fang  was  rough,  w 
ridges  passing  obliquely  downwards.     The  crown  was  smooth,  i 
minatiug  in  a  point,  and  was  separated  from  the  fang  by  a  w* 
marked  Una     Each  tooth  was  partly  opposite  and  partly  i] 
diately  behind  the  posterior  end  of  the  elongated  symphysis, 
groove  in  the  alveolar  border  of  the  bone  passed  for  2  inches 


wards  behind  the  erupted  tooth,  and  in  it  rudimentary  denticles.  1 
at  one  time  probably  been  lodged. 

The  discovery  by  Professor  Reinhardt  of  a  row  of  mduneEsJ 
functionless  teeth  on  each  side  of  the  upper  jaw  of  his  specimor 
Mesoplodon  hidens,  is  of  great  interest.     The  New  Zealand  3f4 
plodon  gi'ayi,  mainly  on  the  possession  of  a  row  of  minute  teeth 
the  upper  jaw,  has  been  made,  by  Dr.  Von  Haast,  a  new  geni 
•  Report  on  tlie  Bones  of  Cetacea,  pi.  i.  fig.  5,  Zoology,  voL  i  1880. 
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Oulodon ;  but  Eeinbardt's  observation,  as  he  himself  has  pointed 
out,  shows  that  this  can  no  longer  be  regarded  as  a  ground  for 
generic  distinction  between  it  and  Mesoplodon, 

In  writing  the  description  of  the  other  bones  of  the  skeleton,  I 
have  followed  the  method  which  I  pursued,  in  framing  the  account 
of  the  skeleton  of  the  Mesoplodon  layardi  for  the  Reports  of  H.M.S. 
**  Challenger,"  so  that  the  skeletons  of  these  two  animals  may  now 
^  compared  with  each  other.  But  it  must  be  remembered  that 
I^jard's  Mesoplodon^  though  14  feet  in  length,  was  an  immature 
*mmal,  vrhilst  the  Shetland  Sowerby's  whale  of  the  same  length  was 
an  adult  male. 

Spinal  Column. — Only  39  vertebrae  have  as  yet  reached  me, 
^^>  C^,  Dj^  Lji,  and  eleven  caudals.     In  the  Brussels  skeleton 
*here  are  46  vertebrae,  and  the  formula  is  C^,  Djq,  L^q,  Cd^g.     In 
^^fessor  Malm's  specimen,  which  was  adult,  as  the  epiphyses  were 
'^^ted  with  the  vertebral  bodies,  the  formula  is  C7,  D^q,  Lg,  CdjQ  =  46 ; 
^'^d  in  the  second  Goteborg  skeleton,  obtained  by  Dr.  A.  H.  Malm, 
^®ie  are  also  46  vertebrae,  but  of  these  only  9  are  dorsal  vertebrae, 
^^4  consequently  there  are  only  9  pairs  of  ribs.     The  ribs,  there- 
^^  of  this  whale  are  either  9  or  10  pairs,  and  the  vertebral  for- 
mula is  46,  so  that  seven  caudal  vertebrae  are  missing  in  my  speci- 
^IL    In  Layard's  Mesoplodon  the  vertebral  formula  is  44  or  46, 
^^^  the  ribs  are  either  9  or  10  paira 

^e  length  of  the  macerated  spine — the  vertebral  bodies  being 

^"■^ced  in  apposition — was  9  feet  1 1  inche&     The  discs  varied  from 

^^)i  to  five^ighths  of  an  inch  in  thickness,  so  that  20  inches  in 

^^^tion  may  be  allowed  for  them,  and  about  8  inches  for  the 

^f^^^^sing  vertebrae  with  their  discs,  which  would  make  the  spine  a 

^*tle  more  than  12  feet  long.     In  the  centre  of  each  disc  was  a  dis- 

^^ct  and  relatively  largo  cavity,  lined  by  a  smooth  synovial-like 

^^^brane,  and  containing  a  deep  yellow  fluid,  which  in  the  discs 

^Ween  the  larger  vertebrae  might  amount  to  about  half  an  ounce. 

^B  arrangement  resembled  what  I  saw  in  1869  in  the  discs  of 

'^^^<Bnoptera  sihhaldii, 

Oemedl  Vertebrce, — ^The  antero-posterior  diameter  of  the  cervical 
^^©B  of  vertebrae  was  5  J  inches.  The  body,  laminae,  and  spine  of 
^9  axis  were  completely  fused  with  the  corresponding  parts  of  the 

^OU  XL  3  H 
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atlaa,  and  formed  a  massive  bone  5|  inches  in  its  greatest 
transverse,  5  inches  in  its  greatest  dorsi-ventral,  and  2^  inches 
in  its  greatest  antero-posterior  diameter.  The  transverse  pro- 
cesses of  these  vertebrsB  were  not  anchylosed  with  each  other. 
The  transverse  process  on  each  side  of  the  atlas  was  single,  bnt  that 
of  the  axis  consisted  of  a  short  superior  and  a  longer  inferior  limb, 
which  were  not  united  at  their  outer  ends.  The  sub-occipital 
groove  on  the  anterior  lamina  of  the  atlas  was  converted  into 
foramen  by  a  bridge  of  bone.  The  last  five  cervicals  were  aU  free. 
The  bodies  of  the  3rd,  4th,  5th,  and  6th  ranged  from  2^  to  2^g 
inches  in  transverse  diameter,  and  measured  about  half  an  incfafl 
antero-posteriorly.  In  each  the  superior  and  inferior  limbs  of  tL.^ 
transverse  process  were  separated  from  each  other  externally  by 
wide  interval,  which  was  also  the  case  in  the  Brussels  skeleton ; 
as  this  skeleton  was  perfectly  adult,  it  may  now  be  stated  that 
foramen  exists  at  the  root  of  the  transverse  process  in  the 


vertebras  of  this  animal     The  superior  liinb  was  a  stunted  plai 
the  inferior  limb  was  more  elongated  ;  in  the  3rd  and  4th  vertel 
it  projected  slightly  backwards;  in  the  5th  and  6th  it  projec 
downwards  and  outwards,  and  in  the  6  th  it  was  1^  inch  long, 
the  3rd,  4th,  and  5th  vertebrae,  the  lamina  were  not  united  meei 
so  that  they  had  no  spines.     In  the  6th  a  slender  stunted  spine 
present ;  the  7th  had  a  slender  spine  If  inch  long ;  its  su 
transverse  process  was  1^  inch  long  and  pointed,  whilst  the  i 
was  a  mere  tubercle.     Its  body  was  elongated  transveiBely  bey 


the  articular  surfaces  for  the  vertebrae  in  front  and  behind,  and^  ^ 
each  side  it  had  an  articular  facet  1  inch  by  f  inch  for  the  beac3.  ^ 
the  first  rib.  The  fusion  of  the  atlas  witii  the  axis,  and  the 
condition  of  the  other  cervicals,  is  obviously  a  character  of 
animal,  as  it  was  also  seen  in  the  Brussels  and  in  both  the 
skeletons.*  The  condylar  articular  surfaces  of  the  atlas 
separated  below  by  an  interval  of  -^ths  inch,  whilst  in  the  jffOMig 
Layards'  Mesoplodon,  the  interval  was  less  than  y^ths  inch. 

Dorsal  Vertebrce. — In  this  region  the  bodies  increased  in  siie  fioM 
before  backwards.     The  first  had  a  pair  of  rudimentary  tabeiel^ 

♦  M.  Gervais,  in  his  account  of  Sowerby's  whale  in  OaUographie  de$  CUaC^ 
states  that  the  first  three  cervicals  are  fused  togetiier,  bnt  he  does  not  tvf  ^ 
which  skeleton  this  has  been  seen. 
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projecting  from  the  inferior  surface  of  the  body  in  series  with^  but 

•mailer  than,  the  inferior  transverse  tubercles  of  the  7th  cervicaL 

^  mesial  ridge  appeared  on  the  ventral  surface  of  the  8th  dorsal,  as 

irx  the  BmsseLs  skeleton,  which  became  stronger  in  the  vertebrsd 

l>ehind.     The  lamin®  and  spines  were  complete  in  all  the  dorsals, 

&nd  the  spines,  as  a  rule,  increased  in  length  and  massiveness  from 

l>ofore  backwards,  the  1st  being  4^  inches  and  the  10th  8^  inches 

loTig.     The  spines  of  the  1st  and  2nd  were  almost  vertical,  those  of 

t^he  rest  were  inclined  backwards.     The  articular  surfaces  for  the 

of  the  2nd,  3rd,  4th,  5th,  6th,  and  7th  ribs  were  very  dis- 

on  the  anterior  sis  dorsals  at  the  junction  of  the  pedicle  with 

posterior  part  of  the  side  of  the  body.     No  articular  surface  for 

head  of  the  7th  rib  was  present  on  the  left  side  of  the  body  of 

7th  dorsal,  but  on  the  right  side  a  small  articular  facet  was  situ- 

on  a  slight  elevation,  in  series  with  the  projecting  articular 

for  the  8th  rib,  on  the  side  of  the  body  of  the  8th  dorsal 

LQ  anterior  seven  dorsals  had  each  a  strong  transverse  process,  for 

^^t&mlation  with  the  tabercle  of  a  corresponding  rib,  projecting  from 

pedicle  close  to  the  anterior  zygapophysi&     These  transverse 

projected  forwards  in  the  anterior  six,  and  outwards  in  the 

*  ^<h.    The  long  axis  of  the  articular  surface  on  the  transverse  pro- 

^^^^«  was  vertical  on  the  1st  and  2nd  dorsals,  oblique  on  those 

^^mediately  behind,  and  horizontally  antero-posterior  on  the  7th. 

-^o  tnnsverse  process  projected  from  the  side  of  the  neural  arch  of 

^^'^  8th,  9&,  and  10th  dorsals,  but  a  transverse  process  for  articula- 

^^<>xi  with  a  oonesponding  rib  projected  from  the  side  of  the  body, 

'^^^iw  its  anterior  than  posterior  surface.     It  measured  half  an  inch 

^  the  8th,  2^  inches  in  the  9th,  and  4  inches  in  the  10th  vertebra, 

"^ygi^KjphyBeB  were  present  as  far  back  as  the  anterior  pair  on  the 

^4i  domL     A  pair  of  strong  metapophyses  projected  forward  from 

^^  laminas  of  the  10th,  9th,  and  8  th  dorsals,  to  overlap  the  laminae 

^*  the  vertebra  immediately  in  front,  and  rudimentary  metapophyses 

^^i^  present  on  the  7th  and  6th  dorsals.       The  7th  dorsal  was 

^©  vertebra  of  transition. 

^mbar  Vertebras, — The  ten  lumbars  were  almost  uniform  in 

**^pe,  but  increased  in  size  from  before  backwards ;  the  body  of  the 

^**t  lumbar  measured  5  inches  in  its  antero-posterior  diameter,  and 

«*2  in  its  tianaverse.     The  bodies  were  keeled  on  the  ventral  sur- 


454  Proceedings  of  the  Boyal  Society 

faces.     The  antero-posterior  diameter  of  each  body  was  markedly 
greater  than  the  transverse.      In  the  more  anterior  vertebrse  the 
transverse  process  was  distinctly  larger  than  the  width  of  the  body, 
but  in  the  more  posterior  they  wore  almost  equal     The  base  of  this 
process  sprang  from  the  anterior  half  of  the  side  of  the  body  in 
series  with  the  transverse  processes  of  the  last  dorsals ;  the  p 
projected  outwards  and  a  little  forwards,   and  the  free  end  w 
convex.     The  spines  were  long,  laterally  compressed  and  slo 
slightly  backwards.      The  length  of  ihe  10th  lumbar  spine  was  1 
inches.     The  height  of  the  last  lumbar  vertebra  was  15  inchea 
pair  of  broad  lamelliform  metapophyses  projected  forwards  from  t 
anterior  border  of  the  laminsB  close  to  the  root  of  the  spine,  but 
not  articulate  with  the  vertebra  in  front ;  from  the  anterior 
of  the  laminffi  of  which  a  pair  of  much  smaller  processes  projec 
backwards.   The  neural  arches  sprang  from  the  centre  of  the  bodi»- 

Caudal  Vertebrce. — Twelve  only  were  present^  seven  being 
ing.     They  diminished  in  size  from  before  backwards.     The  IM«i 

was  14  inches  high,  and  10  inches  between  the  tips  of  its 
verse  processes.     In  the  anterior  three  the  spines  were  massive, 
then  rapidly  diminished  in  size  to  the  11th,  in  which  the  spine 
a  slight  ridge,  and  the  neural  canal  admitted  only  a  crow  q 
The  transverse  processes  were  strong  in  the  anterior  five,  and 
rapidly  diminished  in  size,  so  that  in  the  9th  only  a  faint  ridge     "^^^^ 
seen.     Metapophyses,  which  were  non-articular,  projected  forw^caxtis 
from  the  anterior  edge  of  the  laminae  of  the  anterior  nine,  but  xi^oxie 
from  the  posterior  edge.     The  1st  caudal  was  transitional  izx.     ^^ 
characters  between  the  lumbar  and  caudal  series,  for  whilst     ^^ 
ventral  surface  of  the  body  was  keeled  in  its  anterior  two-thirds  ^^ 
was  grooved  in  the  posterior  third,  and  possessed  an  articulatiaxi  ^^^ 
the  1st  chevron  bone.    The  vertebrae  behind  the  first,  so  far  as  they 
were  present^  were  grooved  ventrally,  and  on  at  least  nine  bod*^* 
articulations  for  chevron  bones  were  present.     Only  six  che^'^^'' 
bones  reached  me.     No  vertical  foramen  was  present  in  the  root  of 
a  transverse  proces& 

Ribs. — Of  the  ton  pairs  of  ribs  only  four  pairs  were  entire,  the  ^^^ 
had  been  broken  or  sawn  across.     The  first  was  the  broadest^  ^^^ 
measured  1 2  inches  in  a  straight  lina     The  anterior  seven  bad  ead^  * 
head,  neck,  and  tubercle,  but  in  the  1st  the  neck  was  atanted.  ^^^ 


1^ 
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head  of  the  let  rib  articulated  with  the  body  of  the  7th  cervical,  its 
tobeicle  with  the  transverse  process  of  the  1st  dorsal  From  behind 
forwards  the  head  articulated  with  the  body  of  the  vertebra  in  front 
of  that,  with  the  transverse  process  of  which  the  tubercle  articulated ; 
but  whilst  the  head  of  the  7th  left  rib  articulated  with  the  body  of 
only  the  6th  dorsal  vertebrse,  that  of  the  7th  right  rib  articulated 
with  the  body  of  both  the  6th  and  7th  dorsala  The  8th,  9th,  and 
10th  ribs  articulated  with  the  transverse  processes  of  their  corre- 
sponding vertebrse. 

Hyoid  Bane  consisted  of  a  body  and  great  comua  anchylosed 
together.  It  had  a  well-marked  U  form,  and  measured  6^  inches 
between  the  tips  of  the  horns. 

Sternum. — This  bone  was  19^  inches  in  length  and  6f  inches  at  the 
broadest  part,  and  it  diminished  in  transverse  diameter  from  before 
backwards.  The  ventral  aspect  was  slightly  convex,  and  with  a 
fEunt  mesial  keel.  Each  lateral  border  was  festooned,  being  most 
projecting  where  it  articulated  with  the  ribs.  The  sternum 
consisted  of  five  segments;  the  4th  and  5th  were  anchylosed 
together,  the  others  articulated  with  each  other  laterally,  but  in  the 
mesial  third  a  rounded  aperture  of  some  size  was  interposed,  and  this 
aperture  also  existed  between  the  4th  and  5th  segments.  This 
0temum  corresponded  with  the  first  Qoteborg  skeleton  in  the  anchy- 
losis of  these  two  segments,  but  differed  both  from  the  Brussels 
skeleton,  in  which  they  were  still  separate,  and  in  which  the  5th 
was  divided  into  two  lateral  halves,  and  from  the  second  Goteborg 
skeleton,  in  which  the  sternum  possessed  only  four  segments.  This 
sternum  did  not  display  that  marked  inequality  in  the  height  of  the 
opposite  sides  of  the  bone  seen  in  the  Brussels  skeleton.  Arti- 
culations for  five  pairs  of  ribs  were  at  the  lateral  borders,  one 
on  the  manubrium  and  four  at  the  junction  of  the  sternal  seg- 
ments. 

Scapula, — This  was  a  broad  triangular  plate-like  bone,  measuring 
8  inches  from  the  glenoid  fossa  to  the  vertebral  border,  and  12^ 
inches  from  the  anterior  to  the  posterior  angle.  The  coracoid  process 
was  3^  inches  long ;  the  acromion  was  4  inches  long,  and  1  '7  inch 
iride,  being  twice  as  broad  as  the  coracoid. 

Humerus, — The  epiphyses  of  this  bone  were  anchylosed  to  the 
shaft    The  bone  was  only  5f  inches  long,  and  the  surfaces  of  the 
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shaft  were  flattened.    The  bones  of  the  foreenn  and  manua  hare 
not  yet  reached  me. 


3.  On  Bespiration  in  the  Soots  of  Avicennia  officinalis  (linn.) 
and  other  Shore  Plants;  with  Observations  on  the 
FuDctioDS  of  the  Lenticels.  By  Joseph  Bancroft,  M.D. 
Communicated  by  Professor  Balfour,  V.P. 


4.  (a)  Diagnoses  Fungorum  novorum  in  Insula  Socotra 
Bayley  Balfour,  Carolo  Cockburn  et  Alexandre  Scott,  lee 
torum,  quas  elaboravit  Dr.  M.  C.  Cooke.  Communicatee 
by  Dr.  Bayley  Balfour. 

Stbrium  rbtibuoum,  Cke.  :  coriaceo-membranacenm,  murinmzL 
pileo  effuso  e  cupulari  explanato,  conflnente,  marginato ;  ambi 
pallide  fimbriate;  bymenio    subvelatinOy  rcticnlato-yenoso,  m 
naceo. 

Ad  ramos.     B.C.S.  Noa  1310  (j™ior),  1341  bis. 

Thambtes  socotrana,  Cke,y  pileo  sessili  semiorbiculari,   ten 
coiiaceo  zonato-sulcato,  yelutino,  albo;  contextOi  conoolore, 
magnis  dentatis,  demum  conflaentibuB,  umbrinis. 

Ad  trances.    B.C.S.  Ko.  1342. 


Q)  Diagnoses  Algarum  novarum  Socotrensium  a  Bayley 
four,  Carolo  Cockburn  et  Alexandre  Scott  lectorum, 
elaboravit  Dr.  G.  Dickie,  F.RS. 

MioROTHAJiNioN  BREViABTiouLATUH,  Dickie,  ramulis  altemis, 
culis  diametro  sequalibus  vel  duplo-longioribus,  diam.  0002 


Ltnobta  sgabrosa,  Dickie,  csBspitosa,  viridi-nigreseeno^  tnoh* 
tibus  flexuosis,  aBrugineo-coeruleis,  articnlis  diametro  doplo-bi6V^^'° 
bus,  vaginis  scabrosis,  achroia,  diam.  *001  unc 
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(c)  Diagnoses  lichenum  Socotrensium  novorum  a  participibus 
expeditionum  Prof.  Bayley  Balfour  et  Dr.  Schweinforth 
lectomm,  quas  elaboravit  Dr.  J.  Milller.  Communicated 
by  Dr.  Bayley  Balfour. 

Ob&  Diagnoses  speciemm  novarom  ampliores  et  observationes 
^arise,  enomeratio  completa  omnium  Licbanimi  a  participibus  expedi- 
tionum oculatiBS.  Balfourio  (B.C.S.)  et  Schweinfurthio  (Schweint) 
in  hac  neglectissima  insula  lectorum  mihique  benevole  submissorum, 
nee  Hon  indicatio  locorum  accurata  in  Balfourii  opere  integro  cur- 
reute  anno  edend^  sunt. 

OMPHALAEIEiE. 

Anbma  exiouum,  MiilL  Arg. :  tballus  suborbicularis,  ^|  mm. 
^txiSy  crassusy  monocarpicus ;  apothecia  f  mm.  lata,  arete  adnata, 
plana;  asci  cylindrici,  8-Bpori;  sporse  globosae,  diametro  6-9  /x 
^^quantes.— Calcicola :  B.C.S. 

COLLEMEiE, 

Stkbohoblastub  flaocidus,  Korh,  v.  subniorbsobks,  MiiU,  Arg, : 
^^^U8  nudus,  margins  minus  adscendens  quam  in  forma  genuina 
europsea,  minor  et  distincte  sed  non  crebre  subradiatim  rugoso- 
P^catus ;  sporsD  22-30  ft  long»,  6-8  /a  latsa. — Ramulicola :  Schweinl 

Stkichobiastus  flaooidus,  KiJTh.  t;.  lsvib,  MiiU,  Arg. :  thallus 
Y  ^  pneoedente  sed  levis  v.  obsolete  gibboso-rugosus. — ^Extus  8, 
'^^Ponieumt  MiilL  Arg.  fere  simulat. — Cimi  prsscedente  ramulicola : 

^^l^nscHOBLASTUS  FLAOOIDUS  V,  8T7BFUBVUS  MiUl  Arg. :  lobi  adsceu- 
^^ea  et  subundulati,  parce  et  leviter  plicato-rugosi,  plus  minusve 
^^^^•e  fiiifuracei — Eamulicola  :  B.C.S.  et  Schweinf. 

CALICIEiE. 

^^ICTOM    LEUOHfUic,   MiilL  Arg. :  thallus  lutescenti-albus,   sat 
^^^^^  minute  rimulosus,  superficie  farinulentus ;    stipites  cum 
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capitulis  J  miiL  longi,  58-80  /a  lati,  fusco-nigri,  opaci,  nonnihiX 
fosco-pellacidi,   clavatim    in   capitula  ^Yfsh^  °^^^  ^^  abeantes   ^ 
capitula  fiisco- nigra,  nuda;  eporae  6-10  /a  longse,  5-6  ia.  latse,  bile 
cnlares,  atro-fuscsB. — Lignicolum :  B.C.S. 

ROCCELLEiE. 

RoooBLLA  Balfouru,  MulL  Arg, :  thallua  candide  opaco-alb 
2^-5  cm.  alius,  suberectus,  firmus,  lacinise  tenoioies  teretes,  reliq 
compresso-teretes,  subleves,  apice  et  lateraliter  fnictigerse;  apoth 
primum  innata,  dein  subpodicellato-sessilia  et  basi  constricta,  m 
lecanorinus  et  crassus,  discus  albo-  y.  c^o-velatos,  demum  de 
datus  et  fumoso-niger ;  sporsB  4-loculares,  circ.  23  /a  longsB,  6-^^ 
latae. — Combeam  molluscam  simukt. — Saxicola  :  B.C.S. 

PARMELIEiE. 

Ramauna  debilis,  MiiU  Arg, :  thallos  3^  cm.  altus,  laciniai^  in 
sectione  anguloso-teretes,  1  mm.  latsB,  parce  ramosaB  v,  simpLs-c^^ 
ciebre  foveolato-impressse,  flaccidse;  spermogonia  atra;  apotka-^^^^ifi 
2-3  mm.  lata;  sporse  14-16  /a  longse,  3J-4  /a  latae,  graciliter  fitisi- 
formea — Affim's  JR.  testudlnarioB  americanse. — ^In  insula  Soc^^o"^ 
lectam  misit  cL  Egeling. 


Ramalina  dbndrisooides,  Nyl.  v,  minor.  Mull  Arg. :  laciniss 
pressae  v.  toreti-compressaB,  humilioies ;  apothecia  1-2  mm.  lat>^^  j  ^ 
ramulis  terminalia,  plana,  demum  convexa;  spoise  12-15  ft  lo^^^iS®' 
5|-6  fi  lataB,  rectae  v.  leviter  curvulaB. — Ramulicola :  SchweinL 

a 

Ramalina  dendrisooidbs  v.  nodulosa,  AfiUl,  Arg.  :  lacinia^  ^^^' 
centimetrales,  breviter  ramulosae,  suberectae,  subirregulares,  a'ti-^^ 
ruloso-nodulosae  et  albido-soredioeo-tuberculataB. — Saxicola:  B.^^*^ 


Parmelia  tiliaoba,  AcL  V,  RIMUL08A,  MiUl  Arg, :  thalloa  adp^^ 
sus,  glauco-albescens,  mox  subincrassatus  et  ciebre  rimulosus,  nii"^^ 
et  parce  isidiophorus  et  soredia  caesio-alba  miguBCula  v.  taber^^^ 
isidioideo-aspera  sparsa  gerens. — Corticola  :  B.C.S. 

Parmelia  oonvbxula,  MiUl  Arg, :  thalli  lacinias  exigoae,  mbc^^ 
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t^igose,   2-4   mm.   longae,  §-|  mm.  latsB,  adpressse,  subpinnatifidsB, 
flavido-cinerascentes,  convexse,  leves  et  opacae,  subtus  fu8co-pallid» 

et  brevissime  et  parce  rhizinossB ;  apothecia  ignota. — Affinis    P. 

Mottgeotii  et  P,  constricianti  NyL — Quartzicola  :  B.C.S. 

Parmeua  Schweinpurthii,  MUIL  Arg. :  babitus  ut  in  P.  perlata 
V-  dHatOy  Bed  tballus  ocbroleuco-albescens,  subtus  atrofuscus,  fere 
^^ue  ad  marginem  sat  copiose  et  longiusculo  rbizinoso-crinitus^  ad 
^peos  margines  longe  nigrociliatus ;  laciniae  ad  margines  isidioso- 
lacinulatae ;  apothecia  podicellata,  alte  urceolaria,  ore  comiiventia  et 
Integra,  demum  |-1  cm.  lata,  dorso  aspera,  discus  pallide  fuscus ; 
®poraB  octonse,  22-25  /n  longae,  12-15  /ui  latae,  valde  pachydenDeae. 
^Samulicola:  Schweinf. 

I^HTSCiA  0B8CURBLLA,  MulL  Avg.  :  similis  Ph.  adglutinatae,  sed 
Jmnor,  lacinisB  ^-J  mm.  latae,  discretse,  adplanatae,  adpressae,  obscure 
^livaceo-virentes ;  apothecia  valde  minuta,  hypothecium  hyalinum ; 
^Poraj  12-15  fi  longae,  7-8  fi  lataj.  Inter  Ph.  affixam  NyL  et  Ph, 
^^unctam  Krplh.  quasi  medium  tenens. — Quartzicola :  Schweinf. 

I^YSCiA  OB80URBLLA,  MvlL  Avg.  V.  PUSCA,  MtilL  Arg, :  thallus 
oUvaceo-fuBcufl. — Cum  forma  genuina  crescens  :  Schweinf. 

I^Htscia  endoptxinba,  MiUl,  Arg. :  similis  var.  acntw  Ph,  stel- 
^^tSy  sed  hypothecium  fusco-atnim  et  apothecia  crassius  marginata. 
^Potae  ut  in  Ph.  pida,  ubi  lamina  multo  altior  et  hypothecium 
•^tanguatum.— Ramulicola :  B.C.S. 

PLACODIEiE. 

"^^OODIUM  BULLATUM,  MiUl.  Arg.i  Lecanoram  atram  aut  Phy- 
^tn  cegicUitam  simulans,  sed  thallus  ambitu  demum  distincte  effi- 
^'^tus  et  sporae  simplices,  hyalinae,  10-12  ft  longae,  5-8  fi  latae; 
P^thecia  crasse  albido-marginata. — Graniticola  :  B.S.C. 

Amphiloma  deplanatum,  Mull.  Arg.  :  thallus  forma  et  magni- 

^4ine  ut  in  A.  callopismate  Mass.,  sed  totus  miniato-fulvus,  laciniae 

^^tiiores,  magis  adprossae,  undique  iuqualitor  confluentes  et  magis 

^Planatae,   undique   concolores ;  sporae   12  ft  longae,  7  ft  latae; 
^ou  XL  3  N 
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apothecia  quam  in  comparata  specie  paullo  minorai  magis  innati 
adpreasa  et  discus  cum  margine  concolor. — Calcicola :  RC.S. 

Ahphiloha  Balfourii,  Mull,  Arg, :  thallus  orbicularis,  ^1  en 
latus,  medio  simpliciter  areolatus,  maigine  late  radiatim  applanat 
laciniatus,  aurantiaco-fulvus  v.  vitellino-fidvus,  levis ;  sporro  12>1 
/A  longsB,  6-7  /A  latse,  medio  ventricossB,  utrinque  obtuse  acutatse.- 
Calcicola:  B.C.S. 

Ahphiloma  oranulifbruh,  MiiU.  Arg, :  thallus  vix  1  cm.  latu 
miniato-fulvus,  medio  late  areolato-difi&actus,  margine  applanab 
radians,  lacinisB  et  prassertim  maigines  areolarum  tuberculis  gran 
f ormibus  acute  prominentibus  exiguis  concoloribus  omatsdy  apothed 
ignota. — Graniticola  :  Schweinl 

Amphiloma  OBANULiFSBUH  V,  suBViTBLiiiNUM,  MuU.  Arg. :  thallv 
e  fulvo  yitellinu& — Cum  forma  genuina :  Schweinl 


PSOEEiE. 

Ptxine  oonvexa,  MiUL  Arg. :  thallus  ut  in  P,  cocoes^  levis  ( 
intus  similiter  albus,  sed  lacinise  undique  convexulse,  nee  ultinu 
plano-concavsB,  apothecia  tenuius  marginata,  demum  conveza  c 
subimmarginata,  e  nigrescente  csesio-pruinosa ;  sporsB  ut  in  com 
parata  specie. — Bamulicola  :  B.C.S. 

LECANOREiE. 

Leoanoba  notha,  MiUL  Arg. :  similis  L.  atrse,  sed  thalli  areoL 
leviter  rugulosse,  magis  flavo-cinerascentes,  lamina  (omnino  alia 
hyalino-virescens,  epithecium  seruginoso-nigricans  et  sporae  tania  . 
8-10  fi  longsB,  7-8  fi  latae. — Graniticola :  Schweint 

Lecanora  socotbana,  Midi.  Arg.  :  thallus  albido-flavicans  v.  tm 
phurescens  v.  decolorato-albcscens,  limitatus,  crassiusculus^  tenai' 
rimulosus,  levis,  nudus,  intus  e  flavesccnti  albus;  apothecia  1— 
mm.  lata,   adpresso-sessilia,  margo   integer,  cum  thallo  codooI^ 
discus  planus  v.  leviter  convexus,  fusceecenti-cainei^  ▼.  suligilW 
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spoHB  9-11  fi  long8B,'5-5}  fi  late. — ^Ad  L.  orosteam  aocedena.-*- 
Qnartadocda,  frequens :  B.C.S.  et  Schweinl 

LbOANOBA   80C0TBANA  /.    UYIDO-NIGRIOANS,   MUU.    AvQ.  '.    dlBOUS 

apotheciorom  e  foscescente  livido-nigricans. — Cum  fonna  genuina 
spedei :  B.C.S. 

RoroDiNA  SUBSTELLULATA,  MxilL  Avg. :  thallos  obscure  dneieciB, 
tenuis,  areolato-rimosos,  areolaB  contigoso,  plansa,  leves,  opac» ; 
Apothecia  adpiessa,  |-^  mm.  lata,  plana,  margo  lecanorinus,  demum 
^ei8  leddeinus,  discus  madefactus  et  junior  fuscus ;  hjpothecium 
lijalinum;  sporsB  15*20  fi  longse,  9-11  /a  latsB,  2-loculare8,  fuscsB. 
— ^Quodammodo  BueUiam  sfdhdatam  simulans. — Quartzicola: 
Schweinl 

ItiNODiNA  QRANULARis,  MiUl  Arg. :  thallus  crebre  granulari-sub- 
^i^^olatus,  albidus,  areohe  valde  exigusB,  angulosso,  convexa),  leves, 
^rxtro  monocarpicse ;  apoiheda  ^-^  mm.  tantum  lata,  immersa, 
^^ice  baud  emeigeutia  et  ipsa  areola  late  albido-marginata,  discus 
^^i^us;  bjpotbecium  e  fuscescente  demum  byalinum;  spone 
^^^iiae,  11-12  /A  longae,  5-6  fi  lat«,  biloculares  et  fuscaa. — Valde 

^^utula,  primo  intuitu  crustam  sterilem  granularem  simulans. — 

'•alcicola:  B.C.S. 

I^Kbtusabia  80HIZ08TOMA,  MiUL  Arg,  :  tballus  albescenti-flavus, 

^Unuus,  minute  rugulosus,  undique  minutissime  ulcerato-puncti- 

&tu8y  verrucas  1^1^  muL  latas,  bemiBpbsQrica;,  gibboso-irregulares, 

^ce  depressae,  5-7-carpicae,  ostiola  e  punctiformi  oblongata ;  sporae 

Uiiatae,  130-190  fi  longae,  50-89  fi  lataB,  intus  valide  costulatae. — 

lUlicola:  B.C.S. 

tBTUSARiA  BUBFLAVBNB,  MtUl,  Arg,  I  tballus  sulphureo-flavens, 

t,  rugulosus,  verrucae  benusphaaricas,  sat  regulares,  monocarpicae, 

1.  latae,  opacas,  ostiola  baud  emergentia,  cum  tballo  concoloria, 

n  obscure  camea;  sporae  in  ascis  2  v.  rarius  1,  110-130  fi 

55  ft  latas. — Eamulicola :  Scbweinf. 

UflABiA  oiOATBicosA,  Miill.  Arg. :  eadem  est  ac  P.  camrmmU 
aUdonica  NyL :  tballus  flavcscenti-albidus,  rugulosus ;  ver- 
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ruc8B  1-3-carpicse,  hemisphsericse,  gibboso-sfLbinegalares,  ostiolTim 
pallidam,  tarde  nigrescens,  modice  depressum,  asci  (1-)  2-8pori ; 
spores  110-160  fi  longae,  45-60  fi  latae,  intus  valide  subreticalatiiii 
costatse. — Eamulicola  :  B.C.S.  et  Schweinf. 

Pertusaria  socotrana,  MiilL  Arg. :  thallus  pallide  cinereo-fiavns, 
tartareus,  rimoso-areolatus,  areola)  planiusculae,  gibboao-insBquales, 
cseterum  leves,  vemicse  1-1 J  mm.  latse,  hemisphsericse,  regulares, 
V.  ostiolis  mammoso-gibbosse,  2-5  carplcas ;  ostiola  pallida,  subclausa, 
impressa,  demum  mammoso-prominentia ;  asci  4-spori ;  spora?  45-  80 
fjL  longaa,  circ.  duplo  longiores  quam  latsB. — Ad  saxa  et  calcarea 
et  granitica  vulgatissima  :  B.C.S.  et  Scbweinl 

Pertusaria  xantholeuca,  Mull.  Arg. :  tballus  ocbroleacas, 
rimosus,  areolie  planae  v.  concaviusculse,  verrucae  iDnatte,  lecano- 
roideds,  §-^  mm.  latae,  albae,  monocarpicae,  discus  late  apertus, 
nigrescens,  crasse  albo-velatus,  subplanus;  asci  1-spori;  spoi 
100-130  ft  longse  et  53-60  ft  latae. — Graniticola :  Scbweinf. 


LECIDEEiE. 

Blastenia  albtdo-c<erulesoen8,   MiUl,   Arg. :  thallus   cine 
albidus,   diBcreto-areolatus,  areolae  angulosae,  pjanae,   levigatae,  i 
hypothallo  coerulescente  sparsae ;  apothecia  vix  ^  mm.  lata,  plau 
uscula,   nigro-marginata,   discus   rufus  v.   ferrugineo-fuscus,  spo 
orculiformes  11-13  ft  longae,  6-7  ft  latae. — Affinis  B.  polioterm^  qu 
ibidem  etiam  obvia. — Ad  saxa  quartzosa :  B.C.S. 

Blastenia  cretacea,  Mull  Arg.  :  thallus  cretaceo-albus,  farim 
lentus,  tenuis;  apothecia  ^-^  mm.  lata,  prominenter  nigro-maiginat 
discus  planus  et   rufo-nigricans,  nudus;  epithecium  coei 
spone  orculiformes  9-10  ft  longae,  5-6  ft  latae. — Affinis  aegyptiacw-^  "^ 
B.  mdanocarpcB  Miill.  Arg. — Calcicola :  B.C.S. 


Blastenia  variabilis,  Miill.  Arg. :  thallus 
continuus  et  levis ;  apothecia  |- J  mm.  lata,  piimum  laete  fulva  et^- 
margine    crasso    concolore    cincta,   moxj  fuscescentia   et    maiginc 
tenuiore  nigrescente  pnedita,    demum   fusca   et  tenaiBBime  nigio 
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maiginata;  spone  orcaliformes  12-14  fi  longie,  6-8  /i  latae. — ^Ad 
granitica :  B.C.S.  et  Schweinf. 


LsoiDXA  (sect.  Biatora)  oontractula,  MiUL  Arg, :  thallus  cinereo- 

flavicans,  continaos,  leviter  rugalosos;  apothecia  vulgo  in  deprcs- 

sionibus  leviuscolis  thalli  sita,  subinnato-adpressa,  obscure  fusca  et 

plftixa,  madefocta  foaca,  coavexa  et  immarginata,  lamina  55  fi  alta, 

apioe  olivascens,    csBterum   cum   hypothecio  hyalina,    paiaphyses 

^l>oraB ;  sporsB  octonse,  9  ^  longae,  5  /a  latae. — Quartzicola :  Schweinf. 


UDSA  insect.  Btaiara)  plumbeella,  Mull,  Arg. :  thallus  pallido 
i-plumbeus,  continuus,  levigatus;  apothecia  innata,  hand 
®*^©rgentia,  discus  J-|  mm.  latus,  concaviusculus,  fusco-nigricans, 
^Pitiliecium  fuscescens,  lamina  cum  hypothecio  hyalina,  circ.  100  ft 
^^^  J  spoiSB  8-nflB,  9-11  fi  longae,  4J-6  fi  hiss, — Brasiliensi  L,  im- 
^^^"^^^HCB  Krplh,  affinis. — Ad  saxa  granitica  :  Schweini 

^^TELLABiA  (secU  Biatorino)  obfusoata,  MuU,  Arg,  :  thallus 
^^^^onre  rufescenti-fuscus,  tartareo-leprosus,  rimoso-areolatus ;  apo- 

^^oia  \  mm.  lata,  plana,  margo  pnmum  cum  thallo  concolor,  mox 
*^^Silfactus,    integer,    discus    niger,    planus,    opacus;    epithecium 

^^^<^tim,  lamina  cum  hypothecio  hyalina;  paraphyses  sat  liberaB; 
^1^1^  octonaB,  18  fi  longee,  2|  /a  latsB,  2-locuIares,  valide  bacillares. 
^""^Uxta  P,  lentiadarem  locaada. — Graniticola :  B.C.S. 

I^ATXLLARiA  {sect  Cotillaria)  siomoidba,  Midi  Arg. :  thallus 
^^Uiter  tartareus,  demum  rimoso-areolatus,  lacteo-albus,  hinc  inde 
^l>othallo  perspicuo  coerulescens ;  apothecia  nigra,  intus  infeme 
^^^-grisea,  1  muL  lata,  demum   convexa   et   tenuiter  marginata; 

PHlxecium  aeruginoso-atrum,  lamina  vinoso-fuscescens,  hypothe- 
^^Uiu  crassum,  atrofuscum ;  sporse  2-loculare8,  fusiformi-ellipsoidesD, 

^^Hque  acutatse  et  sigmoideo-curvatse. — Ad  saxa  granitica  :  B.C.S. 

^ATBLLARiA  (sect.  Raphtosporo)  DECUSSATA,  MtUl,  Arg, :  thallus 

^^tiis  et  depauperatus,  minute  leproso-granularis,  argillaceus,  lineis 

^^^^fis  hypothallinis   peragratus;   gonidia  glomerulosa;    apothecia 

i^T  nun.  lata,  atra,  crasso  et  prominenter  nigro-marginata,  discus 

rWnus  •  epithecium  virenti-nigrescens,  hypothec! um  inferno  fusees- 
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cens,  paxaphysee  oapillaree,  tantmn  1-1^  fi  crasMs ;  spone  octoniBi 
55  /A  longss,  4  /a  latae,  ll-15-loculaTe8,  acicalari-fnsifoiiiie8i— 
Calcicola:  B.C.S. 

BuELUA  FARAS8MA9  Korh,  V.  oblongata,  IfuS.  ilr^. :  ihallns  cum 
fibiiB  ligni  mixtos  maculam  albidam  levigatam  fonDans,  apoihecia 
nonnulla  orbicularia,  \  mm.  lata,  leliqna  numerosiora  triente  longioia 
quam  lata  v.  longioia ;  sporse  14-16  ft  longso,  7|-8|  ft  latas. — Ad 
ramulos  decortioatos :  Schweini 

BUELLIA  PABASBiMA,  Kovh.  V.  8UBJSRUOIN08A,  MiSIL  AvQ.  I    thalluB 

albicans,  rugoso-aieolatus,  apothecia  obsolete  v.  levinscole  seruginoeo- 
proinosa. — ^Bamulicola:  Schwein£ 

BUBLLIA  PABASBMA^  Korb.  V.  OONTORTA,  MuLl.  AtQ.  \  thallns  CIB88Q8,. 

subrugoso-areolatus,  demum  ochraceo-cineieus ;  apothedonun  maigoi 
valde  contortus,  discus  aoruginascens. — Ramulicola :  B.C.S. 

BuBLLiA  BRA0HT8P0RA,  MvJU.  Arg.  I  apothecia  paiasitica,  supei^' 
ficialia,  |-(  mni.  lata,  tota  nigia,  subdepresso-plana,  prominenteM 
marginata,  margo  nitidulus,  discus  planus  et  nudus,  opacus ;  epithet 
cium  fuBcum,  lamina  hyalina,  hypotbecium  supeme  byalinuntj 
csBtenim  profunde  atrofuscum  ;  sporse  7-9  fi  longSB,  4^-6}  /a  lateen 
in  ascis  circ.  6, — In  thallo  Buellice  irmake :  Schweinf. 

BUELUA  ALBiKBA,  MuU.  Arg. :  omnia  ut  in  B.  stdhdaia  v.  pr(do^ 

thdlHTMf  sed  areolsB  candide  albse,   2~3-plo  m^joies,   hinc    indi* 

contiguse,  angulosse,  rlmis  atris  segregataa ;  apotbecia  primum  albo^ 

marginata,  dein  crebre  diplotonmioideo-orenulata,  mox  nigra,  hypo^ 
tbecium  hyalinescens ;  spone  9  fi  longas,   5  /a    latfe. — ^Ad  saztf 

quartzosa:  B.C.8. 

BuELLiA  LEUOINA,  MulL  Arg, :  tballus  tenuiter  tartareus,  levi— 
gatus,  albus,  rimoso-areolatus,  areolss  majuscuke,  l-S-caijAoo^  fissoriifl 
nigris  separatsB ;  apotbecia  innata,  primum  margine  acoessorio  albo-^ 
pulverulento  crenato  cincta,  dein  nuda  et  e  superficie  tballi  kTitor' 
emergentia,  tota  concoloria,  extus  intusque  nigra,  tenuiter  nano-^ 
marginata;  epitbecium  late  atrofuscum,  lamina  vitieo-hyalinai  hypo-^ 
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theeium  infeie  late  fuscum ;  sporse  12  fi  longsB,  6  /i  latsB. — Ad  saxa 
quartsBoea:  EQS. 

SiTBLLiA  8UBSTI0MATSA,  MtUl.  Arg,  I  thallus  tenuissimuSy  con- 
^intiiiB,  levis,  olivaceo-yiiens,  demnm  snbrimoso-areolatns ;  apothecia 
'^'ote  sesailia,  ^-^  mm.  lata,  plana,  prominenter  maiginata,  nigra ; 
epitbecinm  fnscnm,  lamina  hyalina,  hypothecium  hyalinosubfiiscum; 
sporae  octonn,  10-13  ft  longse,  7-8  /i  latas. — ^Ad  saxa  granitica: 
B.C.S. 

I^UBLTilA    SUBSnOMATBA,  MtUl   Arg,   V.   OBFUSOATA,  Mull   Avff.  : 

tliallns  magis  distincte  rimoso-areolatns  et  olivaceo-fuscus. — Ibidem : 

fiuELLiA  INNATA,  MtUL  Arg. :  thallus  tenniter  tartarens,  argillaceo- 

albid.u8,  continuus,  mox  qaoad  partem  snperficialem  rimoeo-areolatus, 

^'^olae  contignae,  planae,   leves,   opacae;    apothecia  immersa,   atra, 

ooaolete  nigro-marginata,  evoluta  J-f  mm.  lata,  discus  leviter  con- 

^viis  ;  epitheciuro  et  hypothecium  atro-fusca,  lamina  hyalina;  sporsB 

^-10  ft.  longaB,  5J-6J  fi  latse. — ^Ad  saxa  granitica :  Schweinf. 


GRAPHIDE^ 

^IHINA  ciNEBBA,  MulL  Arg, :  thallus  cinereus  y.  flavescenti- 
^^eiexiB,  madefactus  vixens,  intus  aigiUaceo-pallidus  et  e  flavescente 
^  dnnabarino  variegatus;  apothecia  et  sporse  ut  in  D,  repanda^ 
^  Hiaigo  tenoior  demumque  subaurantiacus. — Calicicola :  RC.S. 

^IHIHA  dNEBBA,  MuLl,  Arg,  /.  SOBEDIOSA :  thallus  sorediis  circ 
i^Un.  latis  demum  granuloso-efflorescentibus  omatus. — Cum  planta 
S^tdna  speciei :  RC.S. 

DiEiVA  iMMSBBAy  MiiU.  Arg, :  thallus  tartareus,  tenuis,  levis  et 

^tbuTW  V.  demum  obsolete  rimulosus,   ccerulescenti-cinereus  v. 

^'^^^tis ;  apothecia  immersa  et  prominentia  thallina  circulari  cincta, 

^i  lam  lata^  demum  vix  distincte  emergen tia,  discus  planus,  cinereo- 

^^0808;  sporsB  octonsB,  18-19  ft  longao,  6-8  /i  late,  4-loculares. — 

^^•Icicola:  B.a& 
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DiRiNA  DfMBRSA,  MiilL  Atq,  /.  80REDIATA,  MvU,  Arg. :  ihallus 
sterilis,  minute  sorediosus. — Cum  forma  genuina  epeciei,  calcicola : 
B.C.S. 

Opegrapha  {sect,  Lecanaetis)  vbstita,  Miill,  Arg. :  thallns  albus, 
tenuis,  levigatus,  nitidulus;  apothecia  primum  orbicnlaiia,  dein 
1-1^  mm.  longa  et  varie  oblongata,  simplicia  v.  alteio  latere 
uniramea,  seesilia,  late  adnata,  primum  undique  crasse  thallino- 
vestita,  margines  proprii  lecideini  dein  emergentes  et  minus  conni- 
ventes,  discus  crasse  albido-pruinosus ;  sporas  octonaB,  20-28  fi 
longSB,  6-7  fi  lataB,  fusiformes,  8-loculare& — Lignicola :  B.C.S. 

Opborafha  {sect,  Lecanactis)  elboans,  MuU,  Arg, :  similis  O.. 
lyncecb,  a  qua  differt  thallo  albiore,  apotheciis  multo  graciliorib 
et  sporis  brevioribus,  18-27  fi  longis,  absque  halone  4  ia  latis,  7 
septatis. — Lignicola  :  B.G.S. 

Opeorafha  {sect.  Lecanactus)  subcalcabea,  Midi,  Arg, :  thalli 
tartareus,   crassiusculus,   continuus    et    levigatus,  virescenti-albi 
intus  cretaceo-albus ;   apothecia  ^  mm.  lata  et  regulariter  orbicu^^i'^^  u> 
laria,  demum  radiatim  abbreviato  2-3-ramulosa,  omnino  imm( 
caesio-pruinosa,   demum  nigricaiitia ;  spone  20-25  /a  longas,  5 
latfiB,  dactyloideaj,  4-6-locularos. — Calcicola :  B.C.S. 

Opegrapha  (sect,  Lecanactis)  cretacea,  Afiill,  Arg, :  thall 
crassiusculus,  supra  subfarinosus,  continuus,  junior  levigat 
cretaceo-albus;  apothecia  primum  innata,  orbicularia,  pruin 
dein  subinnato-sessilia,  mox  angulosa  et  reniformia  v.  abbreviati 
lobulata,  discus  planus,  caesio-vclatus,  margo  acute  prominens 
niger,  latere  extus  albo-farinulcntus ;  sporse  30-34  /i  longse,  4-6 
latas,  dactyloidese,  7-9  septataB. — Calcicola :  B.C.S. 

Opegrapha  Dracjinarum,  Midi,  Ar,  :g  thallus  tenuis,  albus,  levr:::^^:^^ 
demum  rugulosus ;  apothecia  ^  mm.   lata,  pluries  longiora  qua       "'° 
lata,  elongata  et  varie  flexuoso-curvata,  primum  plane  innate,  thai — -^^ 
tecta,  demum  denudata,  sed  non  omersa,  atra,  opaca,  rima  angos     "^ 
depressa    albo-pruinosa,    demum    atrata,   margines  angusti   hai^^^ 
sulcati ;  hypothecium  fuscum ;  spone  15  fi  longee,  4  /a  latao^ 
formes,  4-5-loculares. — In  ramis  Dracaenarum  :  Schweinf 
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Ofrorafha   microspora,  Miill.   Arg. :  thallus  flavescenti-albnsy 

^btcnuis,  levigatus  et  continuas   (demum  evanescens) ;  apothecia 

fiemi-immersa,  dein  superficialia,  \  mm.  lata,  demum  2  mm.  longa, 

^ubsimpKcia,   evoluta  late   aperta,   discus  albo-pruinosus,  demum 

denudato-niger ;  sporae  11-13  fi  longae,  3-3^  fi  latse,  3-5-septataB. — 

Corticola:  B.C.S. 

OpBQRAPHA  SOBORIBLLA,  MiUl,  Arg, :  thallus  tenidssimus,  indeter- 
''iixiatua,  argillaceo-albus,  levis,  subfarinulentus ;  apothecia  sessilia, 
^  s^^^  mm.  longa,  /^  mm.  lata,  linearia,  arcuato-curvata,  simplicia 
V-  3— 4-radiata,  pro  latitudine  sat  elata,  undique  nigra  et  opaca, 
i^u<ia,  margines  arete  conniventes,  discus  angustus,  niger ;  sporsB  16 
^    loDgae^   6   fL  latae,    4-loculares,   late  dactyloideae. — Eamulicola : 

^iI^LASPiLBA  STioMATEA,  MiUh  Arg, :  apothecia  in  thallo  alieno 

^^''aersa,  nonbisi  margine  tenuissimo  nigro-f  usco  leviter  emergentia, 

*^^bicularia   v.    orbiculari-elliptica,  yV"^  °^°^*    ^ongsk,  plana,  nuda, 

*^i8co-nigra,  opaca ;  margo  subtus  continuus,  tenuis  ;  sporaB  evolutaB 

^^de  fuscse,  ovoideae,  12-14  fi  longae,   7-8  fi  latae,  inaequaliter 

^•IcKJulapes,    sc.    bUocularium  loculus    inferior  paullo    longior  et 

^^H^'iBtior  mox  ipse  trans versim  divisus. — In  thallo  Dirince  repandca : 

^Raphis  braohyoabpA;  Midi.  Arg, :  thallus  ccerulescenti-albus, 

^Unia^  levis  et  continuus ;   lirellaB    breves,   J-§  v.  saepe  1  mm* 

^^gse,  B8Bpiu8  2-3-plo  longiores  quam  latae,  emersae,  rigidae,  rectae 

'    sabrectflB,  lateraliter  altiuscule  thallino-vestitaB,   rima  angusta, 

^^^thecium  basi  deficiens,  discus  niger  subocclusus;  sporae  8-naB, 

^27  fi  longae,  7-8^  /i  latae,  9-loculares. — Ramulicola  :  8chweinf. 

Qrafhis  inusta,  Ach.  v,  radians,  MiUL  Arg, :  apothecia  mediocria, 
^^llato-radiantia,  radii  semel  v.  bis  dichotome  divisi,  ramuli  acutL — 
"^^Umlicola :  Schweinf. 

O&aphina  Balfourii,  MtUl,   Arg, :    thallus  giganteus,   crassus, 

^^ciifbnms,   2-3  v.   hinc  inde  usque  5   mm.   crassus,   abrupte 

^^itatos,  continaus  et  levis,  argillaceo-nigricans  v.  pallidior,  intus 

^^^dior;  apothecia  8-12  mm.  longa,  radiatim  divisa,  immersa  et 
^ou  XL  3  o 
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crasaiuBcnle  thallino-tecta,  labia  thallina  tegenti  conniventiay  disc 
madef actus  nifo-fuscua,  peritheoium  infeme  deficiens  ;  asd  I'Spoi 
sponB  190  fi  longsB,  50-60  /i  lats,  utrinque  obtuase,  copioaiaai] 
paxenchymatice  divissB,  looelli  in  quaque  aerie  transveiBali  8-12. 
Species  valde  insignia. — ^Truncicola  :  RC.S. 

Graphina  varians,  MtilL  Arg, :  tballas  tenuis,  albus  v.  albesce; 
sublevis,  obsolete  farinosus  ;  lirellse  oblongato-eUipsoidese,  j^  m 
lat»,  l|-3-plo  longiores  quam  late,  evolutsB  emerso-eessil 
lateraliter  spurie  thallodice  vestitaB,  demum  denudatn,  rima 
apertffi,  margines  tumidi  nigri,  discus  albo-pminosus,  deoK 
denudatus,  angustus ;  perithecium  subtus  deficiens ;  sporsB  octc^ 
23-26  fi  longsB,  8  fi  latsB,  84oculares,  loculi  traosyersim  2-3  loceLl 
— Fere  Opegrpham  variam  simulansi  —  In  truncis  Diacfl^i 
Schweinf. 

DiORTOMA  soooTRANUM,  Mulh  Arg. :  thallus  tenuis,  e  palJa 
argillaceo  albus,  continuus,  levis,  subpulverulentus ;  apotbe 
thalli  labiis  emergentibus  et  conniventibus  recepta,  ^  mm.  Ion, 
ssepins  triente  longiora  quam  lata,  simplicia,  elliptica,  peritheciv 
deficiens,  discus  latus,  planus,  carneus,  cinereo-pruinosus ;  asci  it 
spori,  sporsB  hyalinsB,  27-40  ft  longse,  13-16  /i  latsB,  locuIi  (^ 
parenchymaticl — Corticola  :  RC.S. 

Arthonu  qalospora,   MuU,    Arg. :  thallus  albus,    subto 
leviusculus,   circa    apothecia  tumidus;    apothecia  \-\  mm. 
orbicularia,  angulosi,  convexo-plana,  atra,  opaca,  madefocta 
fusca;  asci  8-spori,  sporsB  50-60  /i  longsB,  18-20  /*  latSBy 
incurysQ,  10-12*locularea,  loculi  subaBquilongL — Bamicola:  J 

Arthonia  oomplanatula,  Midi.  Arg, :  thallus  hypop) 
apothecia  ^1  mm.  lata,  orbicularia  v.  leviter  angulosai  i 
atra,  opaca,  intus  concoloria,  juniora  griseo-velata ;  sp 
10-12  fi  longsB,  4-5  fi  latsB,  4-loculares,  loculus  supen 
baud  major. — Coiticola  :  B.C.S. 

Arthothblium  lbuoogarpum,  MiiLl,  Arg. :  thallus  iT 
cuius,  rugulosus ;  apothecia  hemispluerica,  subxegulai 
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lata,  tota  extos  intusque  alba,  albo-farinosa ;  sporae  octonce,  75  fn 
longsB,  18/1  latie,  8-loculare8,  loculi  semel  v.  bis  cruciatim  divisL— ^ 
Corticola :  RCa 

-Abthotheuum  EMEB8UM,  MtUl,  Arg, :  thallus  albuB,  tenuissimas, 
IfiBvifl,  sabfarinulentus ;  apothecia  ^-J  mm.  longa,  orbicularia  v. 
^Uniidio  longiora  quam  lata,  atra,  nuda,  depreeso-convexa ;  sporsB 
^^<5tona,  15-17  ft  longSB,  7-9  ft  lat«,  ovoideo-fusiformes,  64ocalaie6| 
loctxli  nonnulli  longitrorsum  semel  divisl — Truncicolttm  :  RC.S* 

Snteboorapha  affixis,  moil  Arg. :  thallus  tenuiter  tartarensi 
Slel^oso-insBqualis,  aigillaceo-cinereus ;  apothecia  immersa,  ore  orbi- 
<^Til&iia  y.  elliptica  v.  irregulariter  angulosa,  plana,  nuda,  atra, 
'^^aciefacta  atro-fusca,  circ.  f^J  mm.  lata;  perithecium  tenuissimum, 
oli^aoeofuBcum,  basi  deficiens;  lamina  nndique  hyalina;  sporsB 
^i^^  20-23  ft  longsB,  4-5  fi  latee  (sc.  absque  halone),  6-loculare& — 
Corticola :  RGS. 

Hktsaographa  LACTEAf  MiUL  Arg, :  thallus  cum  veirucis  apothe- 
^^^geris  lacteo-albus,  tenuis,  polito-levigatus,  nitidulus ;  verruces 
3  xum.  latffi,  orbiculares,  obtuse  angulos£B,  leviter  convexaB;  apothecia 
"P^Utt,  baud  emeigentia,  ^V*^  '^^^^'  ^^^  regulariter  orbicularia, 
^^^gia,  nuda ;  perithecium  lateraliter  tenuissimum,  fuscum,  basi 
^^dena ;  sporss  d-ne,  23>28  fi  longss,  4  fi  latae  (sc.  absque  halone), 
^^lO-loculares,  loculi  subaequilongi — Corticola;  B.C.S. 

£imROGBAPHA  rRATEROULANS,  MiilL  Arg. :  thallus  crassiusculus, 
^^ter  albo-flavicans,  verrucflB  thallinas  subirregulariter  orbiculares, 
^^Pt^esso-hemisphsBricaB ;  apothecia  in  centro  verrucarum  conferta, 
Vq*  Torn,  lata,  immersa  et  leviter  depressa,  demum  magis  sensa 
^^1^  Terracarum  oblongata,  pro  parte  confluentia,  fusca,  nonnihil 
^^^reo-pruinosa,  perithecium  tenue,  fuscum,  basi  deficiens ;  sporss 
^*^  dactyloideae,  24-27  fi  longsB,  6-8  fi  latae,  3-septatfiB.— Corti- 
^^:  RC.8. 

MiKKsiA,  Mull  Arg.  gen.  nov. 

iWlus  crustaceus,  areolatus,  areolae  demum  pro  parte  verruci* 
^^^es  et  fertiles,  gonidia  chroolepoidea ;  apothecia  in  verrucis 
^*^*Ilmi8  sita,  gymnocarpica,  perithecium  simplex,  prophum,  immer- 
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VERRUCAEEELE. 

Yerrucaiua  BUPESTRiSy  Schrod,  V.  ALO0IZ0IDE8,  MiUL  Arg, :  thalli 
piagolsB  irregulariter  angoloso-orbiculares,  vix  |  cm.  latse,  varie 
conflnentes,    linea    nigra  cinctsB    et    thallum    coUectiYum  ciebie 

g^graphicum  fonnantes.     SporsB  18-24  /x  longas,  11-15  fi  lataB. — 

Calcacola:  RC.S. 

V'xRRuoARiA  PR0MINEN8,  MUIL  Arg, :  tballus  tenuis,  continuus, 

tovifi^  oKvaceo-virens;  apothecia  J^-^  mm.  lata,  elato-semiglobosa,  basi 

^''^ixicata,  nigra,  scabridula,  primum  tbcdlo  leviter  velata,  mox  promi- 

^©H-ta-emersa  et  nuda,  vertice  rotundato-obtuso  integra,  perithecium 

^'^tegnmi  sed  basi  attenuatum ;  paraphyses  molliusculaB,  supeme 

^^'^a.tflB  et  ibidem  3  fi  latse,  septataB ;  sporaB  8-n8B,  oblongato-ovoidea 

"^^  ^UipsoidesB,  15-21  fi  longse,  7-8  fi  latsa. — Graniticola  :  RC.S. 

-*^iCROGLiENA  8AXIC0LA,  MiUl  Arg, :  similis  M,  Wallroihiance^  sed 

^^Iris  subfusco-olivaceus,  mox  rimoso-diffractus,  verrucflB  thallinBB 

P^^^^Uo  minores,  circa  ostiolum  fusciim  minus  cinerascentes,  sporfiB 

"''^^^itu  angustiores,   28-33  /x  longaB,   9-11   fi  latsB,    transvenim 

^^-^cptatfiB,  loculi  longitroTsum  2-4-divi8L — Graniticola:  Schweinl 

PYRENULKE. 

-^^XSNULA    OBSOURATA,    Mull,    Arg, :    tballus  subcartilagineus, 

^^"^^ceo-fuscus,    superficie    undulato-inasqualis ;   apotbecia    spaisa, 

^^^^ino  immersa,   obtecta,   demum  vertice  denudata;  peritbecium 

^^^S^imi,  globosum,  crassum,  basi  incrassatum,  -^^q  mm.  latum ; 

"^^plijses  capillares,  asci  cylindrici,  8-8pori;  sporaB  23  /a  longsa, 

^2  n,  latBB,  4-loculare8,  fuse®. — Corticola  :  B.C.S. 

^OLTBLASTiA  TROPICA,  Mvll.  Arg, :  tballus  hypophloeodes ;  apo- 
^^cia  depiesso-hemispbsBrica,  ^  mm.  lata,  ^q-^  mm.  alta,  supeme 

^Tila,  peritbecium  dimidiatimi,  basi  incurvatum  et  simul  ex- 
^^^^mn  attenuatum ;  asci  3-4-spori ;  sporaB  byalinaB,  25-28  «i  longSB, 

^  MlataB,  6-8-loculares,  loculi  2-4-locellatL— Ramulicola:  B.C.S. 

^ATHEUUM  PAUPERRDfUM,  Mvll,   Arg, :  tballus  bypophloeodesy 

*^thecia  epidermide  tecta,  demum  vertice  paullo  denudata,  solitaria 

*   paoca  confluentia  et  turn  stroma    miuutulum  fuaco-nigricaiis 
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distincte  sed  leviter  prominens  formantia,  dimidiatay  depresso-hemi- 
Bphaerica,  ^-|  mm.  lata,  basi  autem  in  Bectione  -^q  mm.  lata ;  para- 
pbysed  tenues,  laxe  clathratim  ramossB ;  sporsB  in  ascis  2-8-nai, 
hyalinsB,  25  /x  longse,  4-10  /x  latse,  4-5H9eptat8B,  local!  1-3-locellati. 
— Ramulicolcm  :  B.C.S.  et  Schweinf. 

Bathelium  yelatum,  Midi,  Arg,,  thallus  yix  nisi  kyphemoideus 
ciica  perithecia;  stromata  suborbiculaiia,  1^2  mm.  lata,  depresso- 
hemiBpbsBrica,  vertice  velata;  peritbecia  immersa,  dimidiata,  basi 
inflexa ;  parapbyses  connexsB,  sporsB  in  ascis  1-8,  byalinsB,  25-38 
fi  longffi,  10_15  /I  latsB,  6-8-localare8,  loculi  2-3-locellatL — Corti- 
colum  :  B.C.S. 

There  was  laid  on  the  table  a  Note  on  the  Constitution  of 
the  Lines  forming  the  Low  Temperature  Spectrum  of  Oxygen, 
by  Professor  Piazzi  Smyth,  Astronomer  Eoyal  for  Scotland. 


Monday,  6th  Febmary  1882. 
Professor  BALFOUR,  Vice-President,  in  the  Chair. 
The  following  Communications  were  read : — 

1.  On  the  Colour  of  the  Mediterranean  and  oth^  Waters. 

By  Mr.  John  Aitken. 

(Abstract) 

The  investigation  was  at  first  undertaken  with  a  yiew  of  determin^i^ 
ing  how  the  blue  colour  of  the  water  of  the   Mediterranean 
produced,  and  of  finding  the  explanation  of  the  different  coloi 
phenomena  seen  in   that  sea.     The  investigation  was  afterwi 
extended  to  other  waters. 

The  experiments  were  made  with  a  special  view  of  determini^B^V 
whether  the  selective  reflection  or  the  selective  abearpHon  thec^'^T' 
gave   the   correct    explanation   of  the  blnenees   seen    in  wat^"*- 
According  to  the  selective  reflection  theoiy  the  ooloiir  if  due     ^ 
the  light  reflected  by  extremely  sHiall  particles  of  matter  mvpwd^ 
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in  the  water.  Theee  particles  being  so  small  they  can  reflect 
only  the  ahort  waves  of  light,  or  those  which  belong  to  the 
blue  end  of  the  spectrum.  The  other  theory  explains  the  colour 
by  supposing  that  water  has  a  selective  absorption  for  the  rays  of 
tlie  red  end  of  the  spectrum — that  water  is  in  fact  a  blue  tmnh 
pffent  medium. 

Three  different  methods  were  adopted  of  testing  the  correctness 

of  these  rival  theories,  and  all  three  proved  the  water  of  the 

Mediterranean  to  be  blue  by  selective  absorption,  and  show  that 

^ght  in  passing  through  the  water  has  the  rays  of  the  red  end  of 

^e  spectrum  absorbed,  and  only  those  of  the  blue  end  transmitted. 

The  first  method  tried  was  to  find  out  what  is  the  colour  of  the 

Rumination  of  submerged  objects.     This  was  done  by  taking  a  long 

^3ietal  tube,  closed  at  the  end  with  a  glass  plate,  and  sinking  it 

^^it^ically  in  the  water,  and  looking  through  it  at  white  and  different 

^^loured  objects  fixed  near  the  end  of  the  tube.     When  this  was 

aoxi.e,  it  was  found  that  a  white  object  appeared  of  a  most  beautiful 

^^^I>  and  delicate  blue  at  a  depth  of  6  m.     If  the  selective  reflec- 

^on.  theory  was  true,  submerged  objects  would  be  illuminated  with 

^  <^olour  complimentary  to  that  reflected  by  the  fine  particles,  and 

^^ol.d  therefore  appear  orange  or  yellow,  the  exact  colour  depending 

^'^  "the  amount  of  green  in  the  reflected  blue. 

I^  the  blue  colour  of  the  sky,  as  generally  supposed,  is  due  to 

7^^  reflection  of  the  blue  rays  by  small  particles  of  matter  suspended 

^    ^lie  air,  it  obviously  follows  that  light  in  passing  through  our 

^^osphere  must  become  of  a  colour  complimentary  to  the  blue  of 

^^^  Bky ;  and  it  is  asked,  may  not  this  be  one  of  the  reasons  why 

^^  ^un  when  near  the  horizon,  and  all  artificial  lights  when  seen 

^  great  distance,  appear  more  or  less  yellow  1 

^l^e  second  method  of  experimenting  was  by  looking  at  a  white 

^^^^^%ce  through  a  considerable  length   of   water  contained  in  a 

^^kened  tube.     The  light  transmitted   was  found  to  be  blue, 

^^  showing  the  water  to  have  a  selective  absorption  for  the  rays 

^  "^e  red  end  of  the  spectrum. 

'^e  third  method  was,  by  sinking  white  and  different  coloured 

^^faoes  under  the  water,  and  noting  the  change  which  took  place 

^  the  colours.     The  colours  selected  were — red,  yellow,  and  purple. 

^^  Was  found  that  these  colours  when  seen  through  the  water 
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changed  in  the  same  way  as  when  seen  through  a  blue  transparent 
medium,  such  as  a  piece  of  glass.  The  white  changed  to  blue. 
The  red  darkened  Tery  rapidly  as  it  descended,  a  very  small 
depth  of  water  being  sufficient  to  destroy  all  the  colour.  At  a 
depth  of  about  2  m.  a  very  brilliant  red  was  so  darkened  as  to 
appear  a  dark  brick  red.  Yellow  changed  to  green,  by  the  water 
absorbing  the  red  component  of  the  yellow.  An  orange,  as  it  sunk 
in  the  water,  appeared  to  become  more  and  more  unripe,  while  a 
lemon  became  quite  green.  The  purple  surface  quickly  changed  to  a 
dark  blue  or  violet  by  the  selective  absorption  of  the  water.  These 
changes,  being  all  due  to  the  cutting  out  of  the  red  component  of  the 
colours,  showed  the  water  to  have  a  selective  absorption  for  the  rays 
of  the  red  end  of  the  spectrum. 

If  the  water  had  been  coloured  blue  by  selective  reflection,  then 
those  test  colours  would  all  have  appeared  deficient  in  blue  when 
sunk  in  the  water,  as  the  fine  particles  would  reflect  and  scatter 
the  blue  rays.  Experiments  are  described  which  show  that  when 
these  colours  are  sunk  in  water  coloured  blue  by  reflection  itom 
small  particles,  that  white  changes  to  yellow,  while  yellow  simply 
deepens  in  colour,  and  purple  grows  redder. 

.   Ail  these  difierent  methods  of  experimenting  show  this  water  to 
be  a  blue  transparent  medium,  and  that  it  acts  in  the  same  way  as  a 
solution  of  a  blue  salt  or  as  a  blue  tinted  glass.    It  is  then  shown  that 
this  selective  absorption  theory  is  not  enough  to  account  for  the 
different  colour  phenomena  seen  in  water.     A  piece  of  blue  glass  or 
a  blue  solution  have  but  little  colour  when  viewed  from  the  side 
on  which  the  light  is  falling,  and  it  seems  certain  that  light  will 
penetrate  pure  water  till  it  is  aU  absorbed,  and  the  water  will  look     . 
dark  and  colourless.     Something  more,  and  that  of  great  importance^    ^ 
is  obviously  necessary  to  explain  the  difierent  colour  phenomena  <^ 
seen  in  difiisrent  waters,  and  in  the  same  water  at  difierent  times. 

If  the  water  of  the  Mediterranean,  when  brilliantly  coloorod^p^ 
is  examined  by  means  of  a  concentrated  beam  of  light,  it  is  founc 
to  be  full  of  fine  solid  particles  in  suspension.     It  is  shown  tha*^ 
it  is  to  this  dust  of  the  sea — so  to  speak — ^that  the 
owes  its  fine  and  varied  colouring.     The  particles  of  this  aqi 
dust  are  large,  and  reflect  not  only  the  blue  rays,  like  the 
particles  of  the  selective  reflection  theory,  but  they  reflect  rays 
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all  colouis,  and  the  water,  by  its  selective  absorption,  strikes  down 
the  red  rays,  and  only  the  blue  rays  are  reflected  to  the  surface  and 
to  the  eye.  These  solid  particles  determine  the  brilliancy,  and  the 
selective  absorption  of  the  water  determines  its  colour. 

The  colour  and  the  amount  of  the  suspended  particles  b  then 

considered.     It  is  shown  that  the  colour  of  the  particles  will  have 

a  marked  influence  in  the  appearance  of  the  water.     If  the  particles 

are  yellow — sand  particles  for  instance — then  a  blue  coloured  water 

^viU  appear  to  be  green,  as  the  light  reflected  by  the  yellow  particles 

is  deficient  in  the  rays  of  the  violet  end  of  the  spectrum. 

Xn  the  Mediterranean  the  solid  particles  are  whitish,  and  all  the 
^i^Terent  colour  phenomena  are  easily  explained  by  the  difliuent 
^''^ioanta  of  the  reflecting  particles  at  the  difierent  places.  Where  the 
^^iour  is  deep  blue  there  are  few  particles  in  the  water,  and  but 
^tt^Lc  Ught  reflected ;  and,  further,  the  light  passes  through  a  great 
^'^^ount  of  water,  and  undergoes  a  great  amount  of  selective  absorp- 
before  it  is  reflected  to  the  surface  and  to  the  ey&  But  if 
I'X*^  are  many  particles  in  the  water  much  light  is  reflected,  and 
^*^^  colour  is  chalky  blue-green,  as  the  light  does  not  pass  through  so 
it  a  depth  of  water,  and  is  therefore  not  so  deeply  coloured,  nor 
it  so  many  of  the  green  rays  cut  out  as  in  the  water  where  the 
^*^*tacles  aie  few  and  far  separated. 

Oolour  experiments  on  a  small  scale  with  a  solution  of  Prussian 
^*^^  and  a  fine  white  powder  are  described.     If  the  solution  of 
blue  is  placed  in  a  vessel,  the  bottom  and  sides  of  which 
dark  and  reflect  no  light,  then  the  coloured  solution  appears 
and  colourless ;  but  if  a  little  of  the  white  powder  is  added 
^^x^-rfc  t]j0  solution  at  once  becomes  brilliantly  coloured. .   By  varying 


i 


^^^  amount  of  the  powder  in  the  water  all  the  varied  colour  eifects 

^    the  Mediterranean  can  be  reproduced,  a  little  powder  causing 

^^^  solution  to  appear  deep  blue,  and  as  more  powder  is  added  the 

^^^^liancy  of  the  water  increases,  and  its  colour  changes  from  blue 

<5lalky  blue-^preen. 

^^e  presence  and  the  abundance  of  white  reflecting  particles  is 

*^o^^m  to  be  a  characteristic  of  all  finely  coloured  waters,  and  the 

^Ve-washed  shores  of  the  Mediterranean  are  shown  to  be  the 

stories  in  which  are  prepared  its  reflecting  particles.     The  waves, 

^  they  beat  on  the  shore,  grind  up  the  stones  and  rocks,  and  stir 
Vol.  XI.  3  p 
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up  a  great  amount  of  fine  whitish  solid  matter,  which  gives  the  water 
along  the  shore  a  milky  appearance. 

With  the  assistance  of  these  whitish  particles,  we  understand 
how  it  is  that  the  brilliant  blue-green  of  this  sea  depends  so  much 
on  the  continuance  of  sea-breezes.  The  longer  the  wave  mills 
have  been  at  work  the  more  fine  powder  has  been  produced  along 
the  shore,  and  more  time  given  for  the  particles  to  be  carried  sea- 
ward, by  the  wave-mixed  and  wind-driven  waters,  and  the  blue 
green  which  only  extended  in  a  narrow  band  along  the  shore,  when 
the  wind  began  to  blow,  is,  after  a  few  days  of  inshore  wind,  seen  to 
extend  far  to  sea.  We  also  understand  how  it  is  that  the  colour  near 
shore  is  so  brilliant  and  so  much  greener  than  outside.  Near  the 
shore  there  is  a  greater  quantity  of  white  soHd  matter  in  suspension ; 
there  is  therefore  more  light  reflected,  and  further,  the  light  does 
not  penetrate  through  so  great  a  depth  of  water,  and  has  not  so 
much  of  the  light  of  the  red  end  of  the  spectrum  cut  out,  and 
therefore  looks  greener  than  the  water  outside,  the  light  from  which 
has  to  penetrate  a  greater  depth  of  the  absorbing  medium.  The 
blueness  and  beauty  of  the  Mediterranean  would  thus  appear  to  be 
due  to  the  blue  transparency  of  its  waters,  coupled  with  the 
presence  of  white  reflecting  particles,  and  the  variety  in  its  colour- 
ing to  the  amount  of  the  suspended  particles  at  different  places  and 
at  different  times. 

From  this  we  see  the  important  influence  which  the  geological 
formation  of  the  shore  has  on  the  appearance  of  the  water  of  a  sea, 
as  it  determines  the  nature  of  the  solid  suspended  particles.  This  ^ 
is  beautifully  illustrated  by  the  difference  of  colouring  in  the^ 
Mediterranean  at  Mentone  and  at  Cannes.  At  Mentone,  lime6tonc^= 
is  everywhere  abundant  along  the  shore,  and  this  limestone,  whei — z 
ground  up  by  the  waves,  produces  an  extremely  fine  and  whii 
powder,  which,  mixed  with  the  water,  causes  the  sea  at  Mentone 
be  far  more  brilliantly  coloured  than  it  is  at  Cannes,  where  there 
but  little  limestone,  and  the  shore  is  almost  everywhere  covered  wi 
sand,  the  debris  of  the  surrounding  rocks. 

In  the  experiments  in  the  Mediterranean  it  was  found  that 
solid  particles  were  so  abundant  that  they  prevented  the  sn 
rays  penetrating  in  a  direct  line  to  any  great  depth.     This 
shown  by  the  illumination  of  the  white  surface  placed  at  sooc^ 
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distance  tinder  the  water,  and  seen  through  the  empty  tube,  being 

the  same,  whether  the  surface  was  turned  towards  the  sun  or  away 

^x>ixi  it     It  was  also  shown  by  the  fact  that  at  a  depth  of  6  m. 

tlieae  solid  particles  were  found  to  reflect  about  as  much  light  as 

a  i^liite  surface  did.     These  solid  particles  act  like  a  fog,  and,  while 

tliey  stop  the  light  penetrating  in  a  direct  line,  yet  allow  it  to 

Penetrate  much  further  by  internal  reflection.     The  sun's  rays  get 

ent^aoigled — so  to  speak — ^among  the  particles,  and  are  reflected  firom 

P^x^cle  to  particle,  becoming  a  deeper  blue  with  each  reflection,  so 

^xiat;  the  particles  become  illuminated  with  blue  light     From  this 

It   is  obvious  that  the  more  transparent  the  water,  and  the  greater 

^'^^    Inflecting  power  of  the  particles,  the  more  deeply  coloured  will 

**ie  ^ater  appear. 

^Flie  Lake  of  Como  was  the  next  water  visited.  A  white  surface 
®®^^  through  its  waters,  showed  it  to  be  as  deeply  coloured  as  the 
'^^ditenanean,  yet  the  absence  of  white  reflecting  particles  in  its 
^^teis  and  its  dark-coloured  bottom,  cause  it  to  appear  compara- 
^^y  dark  and  colourless.  When  a  quantity  of  white  reflecting 
f^^^ticles  was  artificially  mixed  up  with  the  water  in  this  lake  a  fine 
*^^-green  cloud  was  formed,  which  remained  visible  for  some  time 
***^<l«t  the  darker  waters,  and  showed  that  all  this  lake  required  to 
'^^^ke  it  brilliantly  coloured  was  the  presence  of  white  suspended 
P^^iicles  in  its  waters.  The  waters  of  CJomo,  in  their  passage  from 
^^  lake  to  form  the  river  Adda,  change  to  a  fine  blue.  This 
"^^den  alteration  in  the  appearance  of  the  water  is  shown  to  be 
I^^^feably  due  to  the  addition  of  fine  reflecting  particles  to  the 
^^^t  on  entering  the  river. 

-Lago  Maggiore,  compared  with  Como  and  the  Mediterranean, 
^^ks  greener  than  either,  but  reflects  more  light  than  Como. 

^*he  Lake  of  Geneva,  whose  waters  have  been  so  highly  praised  by 

^  'Writers,  was  next  visited,  and  the  explanation  given  of  the 

^*ouiing  of  the  Mediterranean  was  found  to  apply  here  also. 

^^  Bouveret,  where  the  Ehone  enters  the  lake,  all  the  variety  of 

^louj  phenomena  seen  in  the  Mediterranean  were  repeated.     The 

^^t  coloured  muddy  waters  of  the  entering  river,  as  they  stretched 

^  into  the  lake,  represented  the  whitish  waters  near  shore  in  the 

^^terranean,  and  where  this   whitish  stream  mixed  with  the 

^^tets  of  the  lake,  the  bright  blue^green  of  the  Mediterranean  was 
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leprodnced,  while  farther  out  the  waters  were  deeper  bine,  rivalling 
in  brilliancy  those  of  the  Mediterraneaa  The  work  done  by  the 
waves  along  the  shores  of  the  Mediterranean,  in  mannfacturing  the 
light-reflecting  particles,  is  for  the  Lake  of  Greneva,  done  by  the 
grinding  of  the  glacier  mills  and  streams  of  the  Rhone  valley. 

The  silt  brought  down  by  the  Ehone  was  found  to  be  composed  of 
clean  white  particles,  like  fine  white  sand.     Many  of  the  particles 
are  thin  polished  plates,  and  when  examined  by  means  of  a  con- 
centrated beam  of  light,  while  in  suspension  in  water,  are  seen  to 
flash  brilliantly  in  the   strong  light     This  white  solid  matter 
brought  down  by  the  Rhone  is  constantly  being  deposited  all  over 
the  bottom  of  the  lake,  and  it  is  this  whitish  deposit  which  gives  to 
the  Lake  of  (reneva  one  of  its  peculiarities.     The  light  reflected 
from  the  whitish  bottom  causes  the  water  of  the  lake,  all  along  the 
shore  to  appear  of  a  peculiar  light  blue-green  colour,  and  enables  us 
to  judge  of  the  depth  of  the  lake  at  depths  far  beyond  that  to  which 
we  can  see  the  bottom.     We  can  only  see  a  white  surface  of  15  cxd 
square  to  a  depth  of  about  7  m.,  yet  the  light  reflected  from  the 
bottom  affects  the  appearance  of  the  water  at  depths  far  beyond 
7  m.,  showing  that  light  penetrates  by  diffusion  in  these  waters  to 
far  greater  depths  than  it  can  directly. 

The  brilliancy  and  beauty  of  the  Lake  of  Greneva  would  tho^^ 
appear  to  be  due  to  the  purity  and  transparency  of  its  watery 
coupled  with  the  presence  of  an  enormous  amount  of  white  reflectiK%g 
surfaces,  both  in  suspension  in  its  water  and  deposited  all  over  t^e 
bottom  of  the  lake,  the  effect  being  intensified  by  the  brilliancy  of 
the  reflecting  particles. 

The  colour  of  the  water  in  Lake  Bourget  was  found  to  be  similar 
to  that  in  the  Lake  of  Geneva,  though  at  the  time  it  was  vidted  it 
was  slightly  more  turbid.     A  white  surface  could  not  be  seen  to  so 
great  a  depth  as  in  Geneva,  and  the  water,  even  in  the  middle  of  ^^« 
lake,  when  examined  by  means  of  a  concentrated  beam  of  sanlig:h^ 
was  found  to  be  very  full  of  suspended  light-reflecting  particJ» 
similar  to  those  brought  down  by  the  Rhone. 

The  examination  of  the  water  in  these  lakes  was  confined  to  the 
coloured  surface  experiments,  and  to  a  spectroscopic  examination  d 
the  internally  reflected  light     The  results  were  all  simihur  to  tbOM 
in  the  Mediterranean. 
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In  theb^inning  of  antoinn  the  sea  off  the  west  coast  of  Scotland, 
near  the  village  of  Ballantiae,  and  also  in  Brodick  Bay,  was  visited, 
and  the  waters  examined  by  means  of  submerged  coloured  surfaces, 
and  by  means  of  the  spectroscope.     The  water  was  here  found  to  be 
much  greener  than  any  previously  examined.     A  large  quantity  of 
this  water  was  filtered,  when  it  was  found  that  most  of  the  suspended 
particles  were  fine  grains  of  sand     From  this  it  is  concluded  that 
the  greenness  of  our  northern  seas  is  in  part  due  to  the  reflecting 
particles  being  yellow,  and  the  reflected  light,  therefore,  deficient  in 
the  more  refrangible  raya     These  yellow  sand  particles  not  only 
explain  part  of  the  greenness  of  our  northern  seas,  but  they  also 
explain  their  comparative  darkness  and  deadness,  the  yellow  sand 
particles  reflecting  so  little  light     The  importance,  however,  of  even 
these  bad  reflectors  was  very  evident  during  the  time  the  observa- 
tions were  being  made.     It  was  noticed  that  the  water  was  much 
more  brilliantly  green  during  and  immediately  after  an  inshore 
wind,  and  when  the  filter  showed  the  water  to  have  a  good  deal  of 
sand  in  suspension,  than  after  a  calm,  when  many  of  the  particles 
liad  settled  out     Some  water  collected  about  a  mile  seaward  from 
Ballantrae  was  examined  in  a  glass  tube  7|  m.  long,  and  was  found 
*^  l)e  of  a  blue  green  colour. 

The  water  of  Loch  Lomond  was  next  examined,  and  found  to  be 
*  perfect  contrast  to  any  previously  described,  being  of  a  colour 
^^arly  complementary  to  that  of  the  Lake  of  Geneva.  A  white 
^'^J^ce  seen  through  its  waters  appearing  yellow,  and  the  submerged 
^loured  surfaces  showed  its  waters  to  have  their  greatest  absorption 
*^^  the  rays  of  the  violet  end  of  the  spectrum.  Its  waters  reflect  a 
•lightly  yellowish  light,  its  spectrum  being  brightest  in  the  yellow. 
''^^  water  is  so  deficient  in  reflecting  particles  that  its  brightness  is 
^^Ver  greater  than  what  we  call  brown.  If  it  was  supplied  with 
^l^tmdance  of  reflecting  particles  Loch  Lomond  would  be  a  yellow 

\^ell  waters  were  also  examined  for  colour  by  placing  them  in 
^^g  tubes,  and  looking  through  the  water  at  white  and  at  coloured 
^^^Hiaces.  The  tubes  were  in  pieces,  so  that  they  could  be  fitted  up 
^  lengths  of  from  3  m.  to  15  m.,  to  suit  the  transparency  of  the 
^M»r  under  examination.  The  tubes  were  fixed  horizontally,  and 
^^  a  convenient  height  for  looking  through  them,  and  the  water  to 


pri 


oceedi^* 


»\ioTV 


'^T^^^^^rX^C^-i::^ 


gceesxi 


»":;;>*•' tl^ 


olco 
atvy 


i\otii» 


\)et^®®^ 


paje«*'«** 


■^ett 


M^"" 


B\>  ^^ 


\OOg) 


Ttlve  tea  «>^"-     o,  t.e«tly  «"  -   ^ 
^';  t  Ttu^^  ''  '"l^  «*  *  ^'^'II  colour  oi 

-^  r  its^  ^^"  Ceo"  *  ^  ^r«^^^^^ ' 


vety 


loT^g 


"haa 


°»"  ;;^  «««^  "■ 


exit 


'"^--  "'.r-^-^tC^-i!-.- »« ^s."; 


fitt 


Aat\o»- 


8P®  -n 


8Ugg«*^^_  lot  ito  ? 


•feeea 


,xi\a  ^** 


gWett 


co\otii- 


^eeye- 


t»i,a** 


ftve  co\o^' 


■beaw 


,\iiiW 


v» 


\xo\e  <P** 


B&y 


•a  first  tie<^ 


a 
Ic 


effect  oi  -^^"t,^  ir^V^'']\,  a»  to  ^ 


As^^^°:^\Si^^ 


aa 


N?e 


taM 


tVvo 


llaey 


^ecaJv 

r  to  t^e  «»?r!;«ei  ^^  ^ 

aiato»  **-^ 


ig^*  ''"'  due  t«  *^* 


o/Bdinburgh,  Session  1881-82.  481 

bility  is  that  the  colour  is  dne  to  the  water,  as  the  impurities  will 
be  different  in  the  two  samples,  and  they  would  prohably  give 
different  colours.    The  result  was,  the  colour  of  the  samples  of  water 
prepared  in  both  sets  of  apparatus  was  the  same — namely,  blue.   This 
conclusion  was  further  confirmed  by  preparing  another  sample  of 
water,  and  condensing  it  this  time  in  a  platinum  tube.    The  water  so 
fffepared  was  also  found  to  be  of  a  fine  blua     All  three  samples 
were  almost  exactly  the  same  colour  as  Prussian  blue.     Standards 
of  colour  were  kept  with  which  the  different  samples  of  water 
were  compared,  both    for    the    colour  and  for   the   amount   of 
tbe  colour.      As  all  the  different  samples  of  distilled  water — 
after  the  apparatus  was  thoroughly  purified — had  the  same  colour 
and  amount  of  colour,  it  seems  almost  certain  that  water  is  a 
blae  transparent  substance,  and  that  the  colour  in  these  experi- 
ments could  not  be  due  to  impurities,  which  must  have  varied 
both  in  kind,  and  in  amount  in  the  different  samples  of  water. 
Norther,  as  the  amount  of  colour  in  the  Mediterranean  water,  and  in 
fte  bluish  well  waters,  was  as  near  as  could  be  judged  the  same  as 
^  pure  water,  it  does  not  seem  necessary  to  call  in  the  aid  of  im- 
P^ties  to  account  for  the  blue  colour  seen  in  lakes  and  seas,  the 
^lour  being  principally  due  to  the  water  itself,  and  the  different 
^^bstances  in  solution,  instead  of  making  the  water  blue,  tend  to 
^^^ange  its  proper  colour  and  make  it  green,  or  yellow. 

Xhe  addition  of  impurities  to  water  seems  generally  to  change  its 

^^lour  from  blue  to  green,  or  to  yellow,  though  there  seems  to  be  no 

^^*^on  why  some  impurity  may  not  change  it  to  a  deeper  blua     The 

^^tive-absorption  of    the  water  remains  the  same,   while  the 

^Pnrities  add  their  selective-absorptions  to  that  of  the  water,  and 

^^e  they  change  the  colour  they  also  decrease  its  transparency. 

^^  explains  why  it  is  that  the  yellow  well  waters  are  so  much  less 

^ixsparent  than  the  blua     This  must  necessarily  be  so,  as  a  very 

^  depth  of  water  destroys  the  rays  which  give  yellow,  and  the 

^^cparency  of  yellow  waters  can  only  be  the  transparency  of 

'•or  for  yellow  light,  which  is  very  much  less  than  for  blue  light 

^o  attempt  was  made  to  find  out  what  the  different  discolouring 

stances  in  water  are.     The  task  would  evidently  be  an  endless 

and  of  little  value. 

^  effect  of  the  light  reflected  from  the  surface  of  the  water  is 
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then  referred  to.     It  is  ehown  that  when  the  sky  is  covered  with 
white  clouds,  the  surface  reflection  is  so  strong  as  to  mask  the  colour 
of  the  water,  and  that  when  the  sky  is  deep  hlue  the  sky-reflected 
light  intensifies  and  deepens  the  apparent  colour  of  the  water.     Th& 
importance  of  the  surface-reflected  light  is  best  seen  when  the  sky^ 
is  covered  with  clouds,  and  glowing  with  a  colour  different  from 
of  the  water,  as  at  sunset  when  the  clouds  are  richly  coloured  aL 
over  the  sky  and  deeply  down  towards  the  horizon.     The  water 
then,  especially  if  calm,  appear  Hke  a  sea  of  molten  metal  glowin. 
with  sky-reflected  light,  so  powerful  and  bnlliant  as  entirely 
overpower  the  light  internally  reflected  by  the  water. 

Pure  water  having  been  shown  to  be  perfectly  transparent  to 

more  refrangible  rays,  and  as  it  absorbs  the  red  rays,  water,  wh 

looked  at  from  the  side  on  which  the  light  is  falling,  must 

be  dark,  and  cannot  reflect  any  perceptible  amount  of  blue  light. 

must,  therefore,  look  to  the  solid  particles  in  suspension  in     ^%^le 

water  as  the  cause  of  the  light  reflected  by  water,  and  while      '^Yie 

selective  absorption  of  the  water  principally  determines  its  col^z>'«:ii; 

its  brilliancy  is  entirely  determined  by  the  suspended  particles. 

It  is  shown  why  it  is  that  though  we  have  waters  of  many  colo'ti^ 
that  yet  we  only  observe  the  colour  when  it  is  blue  or  green,    ^^xid 
never  when  it  is  yellow.     Amongst  other  reasons  given  is  the  ncxudi 
less  brilliancy  of  yellow  waters,  this  less  brilliancy  being  due  to  tlie 
less  transparency  of  the  yellow  waters  compared  to  blue ;  only  tliB 
reflecting  particles  near  the  surface  are  active  in  the  yellow  ws^^ 
whereas  the  particles  to  a  considerable  depth  in  the  blue  can  refl^^ 
their  light  to  the  surface.     This  is  one  reason  why  Loch  Lomond  ii 
so  much  darker  than  the  Lake  of  Geneva.     Loch  Lomond  certiix^J 
has  fewer  and  less  powerful  reflecting  particles  than  the  Lake    ^ 
Greneva,  but  it  is  darker  also,  because  only  the  particles  to  a  mv-^ 
less  depth  can  reflec^  their  light  to  surface. 

The  waters  of  our  northern  seas,  when  provided  with  pwf^^ 
reflecting  particles,  such  as  alr-beUs  and  white  particles,  are  shotm   ^ 
be  much  bluer  than  they  generally  appear.     The  brightnesB  90^ 
blueness  of  the  waters  off  the  coast  of  Cornwall,  are  shown  to  ^ 
due  to  the  beaches  along  this  coast  being  at  many  points  ooTtt^ 
with  a  whitish  coloured  sand,  which  gets  mixed  up  with  the  vtt 
by  the  action  of  the  wave&     As  the  water  of  the  sea  is  ooauAui 
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colating,  it  seems  impossible  that  the  same  water  can  be  one 
our  at  one  place,  and  a  different  colour  at  another,  but  we  can 
Qj  see  how  the  different  colours  and  degrees  of  brilliancy  can  be 
diiced  by  the  colour  and  the  amount  of  suspended  matter  at  the 
ierent  places, — where  the  water  is  mixed  with  whitish  particles 
Dg  bluish,  and  where  mixed  with  yellow  particles,  appearing 
Bner, — whilst  its  brilliancy  is  determined  by  the  amount  of  sus- 
ided  particles  which  may  be  present  at  the  time  in  the  water, 
[n  conclusion,  a  lake  in  the  Cordilleras  is  referred  to  as  combining 
the  conditions  necessary  for  producing  fine  and  brilliantly  blue 
oured  water.  The  traveller  in  describing  this  lake  says,  *^  Its 
teis  were  of  the  most  extraordinarily  brilliant  blue  I  ever  beheld.'' 
om  the  description,  this  lake  is  in  many  respects  like  the  Lake  of 
neva.  It  is  provided  with  an  abundant  supply  of  pure  glacier 
ter,  free  from  discolouring  impurities,  but  laden  with  abundance 
white-reflecting  particles,  whose  presence  is  evidenced  by  a  '^  white 
ip  "  around  the  lake. 


2.  The  Surface  Geology  of  Mid-Lochaber. 
By  Professor  Duns,  D.D. 

(Abstract), 

An  attempt  is  made  in  this  paper,  mainly  from  the  point  of  view 
the  Society's  "  Boulder  Committee,"  to  examine  and  classify  the 
ifiuse-deposits  of  a  comparatively  small  compact  area,  which  is 
funded  on  the  north  and  north-east  by  the  river  Spean,  on  the 
U.th  and  south-west  by  the  river  Nevis,  on  the  west  and  north- 
^t  by  the  Lochy  and  the  Caledonian  Canal,  and  on  the  east  and 
^th-east  by  the  Nevis  range  of  Mountains.  Reference  is  also 
^de  to  the  district  between  the  Nevis  and  Loch  linnhe,  including 
^chintore  and  part  of  Glen  Nevis.  The  body  of  the  paper  is 
^ted  to  the  statement  of  phenomena.  It  is  felt,  however,  that 
^  chief  value  of  a  record  of  facts  is  to  lead  to  a  definite  knowledge 
^  ^forces  which  underlie  them,  and  of  the  laws  of  which  they  are 
*^  expression. 

1.  Peat. — ^The  chief  deposits  occur  in  Corpach  Moss,  and  on  the 
*ow  ground  which  stretches  on  both  sides  of  the  Kingussie  road 
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between  the  Nevis  and  the  Spean.  It  varies  in  thickness  from  a 
few  inches  to  16  feet  In  a  general  way,  when  looked  at  in  section, 
a  layer  of  coarse  sand  and  gravel,  with  lumps  of  bullet-like  granites, 
porphyries,  porphyrites,  and  mica  schists,  lies  on  the  rock ;  higher  up, 
beds  of  coarse  sand,  on  the  top  of  which  are  stones  not  generally  so 
much  rounded;  above  this  the  peat.  It  many  places  the  remains  of 
trees  are  abundant.  Occasionally  thin  beds  occur  almost  as  fine  in 
the  grain  and  as  hard  as  lignite.  It  was  shown  that  the  level  of 
Corpach  Moss  is  yearly  becoming  lower. 

II.  Sand  and  Gravel. — These  are  met  with  in  irregular  ridges, 
in  long  undulating  mounds,  in  short  squat  heaps,  and  in  conical 
hillocks.  The  Auchindall  hills  determine,  to  a  large  extent,  the  lie 
of  these  heaps.  Section,  beginning  below — (a)  rolled  stones  and 
gravel,  stones  about  twice  the  size  of  the  head ;  (b)  waved  sand ; 
(c)  fine  gravel;  (d)  waved  sand  ;  (e)  horizontal  bed  of  sand  ;  (J)  peat ; 
(g)  surface  soiL  It  was  shown  that  the  deposits  left  on  the  shore, 
after  an  exceptionally  high  tide  had  met  the  Lochy  in  flood,  bear  great 
resemblance  to  many  of  these  heaps,  excepting  the  marine  debns. 

IIL  Angular  Debris  on  the  MoUNXAiNa — This  was  described, 
and  it  was  asked — (1)  Are  the  angular  boulders,  and  the  angular 
debris  which  often  accompany  them,  of  the  same  age,  and  expressive 
of  the  same  forces  ?  (2)  When  both  angular  and  rounded  boulders 
accompany  the  debris,  must  we  co-ordinate  the  former  with  the 
angular  debris  only  1 

rV.  Boulder  Heaps  or  Clusters. — These  terms  were  chosen  in 
preference  to  lateral,  medial,  and  terminal  moraines,  morainic  matter, 
morainic  aggregations,  and  the  like,  which  were  held  to  be  mis- 
leadiug  at  this  stage  of  the  inquiry.  A  typical  boulder  heap,  near 
the  foot  of  the  south- west  slope  of  Meall  an  fSuidhe,  was  deecribed 
and  represented  by  a  drawing.  Drawings  were  shown  of  circular 
heaps  high  up  the  mountains,  and  their  chief  features  were  pointed 
out. 

V.  Single  Boulders. — These  were  fully  illustrated  by  a  series  of 
drawings.  Several  of  them  bear  a  strong  resemblanoe  to  the  fine- 
grained pinkish  granites  near  Loch  Ness.  Of  the  bouiderB  which 
lie  near  but  not  in  the  heap  now  mentioned,  those  of  granite, 
granitic  porphyry,  and  porphyry,  lie  for  the  most  part  in  a  line  of 
their  own,  while  those  of  mica  schist,  micaceous  gneisi^  and  some 
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porphyrites,  lie  on  either  side  of  the  former — schiste  nearest  the 

mountain,  granites  and  porphyries  next,  and  schists  again  between 

the  granites  and  the  Nevis.      This  apparent   order  may  be  ex- 

ceptionaly  but  it  might  come  to  have  significance  in  relation  to 

theories  of  deposit  at  different  times.     The  lines  in  which  they  lie 

slope  to  the  north-west     Many  on  the  low  slopes  and  in  the  plain 

are  of  great  size,   and   present   distinct  marks  of  striation  and 

polishing.     The   prevalent  direction   of  the   larger  axis  is  north- 

north'west    and    south-south-east.     Reference    was    made   to   the 

frequent  occurrence  of  cup-like  markings   on  porph3rry   boulders 

especially,  and  it  was  shown  how  these  are  formed.     In  most  of  the 

Vmlders  described  their  angle  to  the  horizon  was  noted,  mainly  to 

show  that  boulders  may  rest  on  slopes  where  one  could  not  have 

expected  to  find  them.     The  angles  vary  from  5**  to  40°  10',  and 

the  boulders  in  size  from  those  twice  as  big  as  the  human  head  to 

such  a8arel7x5x6,  or  even  larger.     The  girth  of  one,  taking  in 

irregularities  of  surface,  is  160  feet.     The  peculiar  forms  of  many  of 

^e  boolders  were  traced  to  cleavage  fracture,  and  drawings  of  some 

'^eiQ  exhibited.     Eeference  was  made  to  the  series  of  rocks  from 

-^eaU  an  fSuidhe^  north  to  Crag  Duihh  and  the  Domey  crystal- 

l^'ie  limestone,  and  a  section  was  shown.     In  the  comparatively  low 

^Und  above  the  rocks  shown  in  this  section  the  erratics  are  all 

''^'inded  and  polished,  while  the  boulders  of  the  rocks  in  the  inmie- 

^t«  neighbourhood   are   angular  or  subangular.      The  boulders 

^*ow  the  part  which  was  shown  in  section  are  of  gneiss,  limestone, 

*^^  schist,  micaceous  gneiss,  porphyry,  light  grey,    fine-grained 

^'^^^te,  pinkish  granite,  coarse  grey  granite — many  being   much 

Polished  and  almost  circular. 

T^  boulder  and  shingle-covered  face  of  Ben  Nevis,  which  looks 
^^''^n  on  Loehan  Meall  an  fSuidhs,  was  closely  examined  to  ascertain 
^  as  bad  been  reported,  these  were  true  erratics  on  this  part  of  the 
^oimtain,  but  none  were  found. 

Some  general  remarks  were  made  in  conclusion  : — 

1*  The  peat  has  been  formed  subsequently  to  the  deposit  of  the 

^^el  heaps.    What  is  the  significance  of  the  fact,  that  at  the  bottom 

of  inany  of  the  gravel  heaps  a  layer  occurs  of  large  buUet-like  pieces 

^  psnite  and  porphyry  resembling  those  at  the  bottom  of  the  chief 

^^posit  of  peat,  Corpach  Moss,  into  which  the  heaps  do  not  extend  ? 


486  Proceedings  of  the  Royal  Society 

2.  The  gravel  heaps  consist  of  sand  of  different  degrees  of 
fineness,  and  of  stones  varying  in  size  from  small  pebbles  to  such  as 
are  twice  or  thrice  larger  than  the  head.  The  coarse  sand  can  be 
traced  to  the  wear  of  the  district  rocks,  but  there  are  beds  of  very 
fine  sand,  which  seems  to  differ  wholly  from  these.  In  the  rare 
instances  in  which  large  boulders  were  met  with  in  these  heaps, 
there  were  subaugular  specimens  of  rocks  in  the  neighbourhood. 
The  erratics  occur  on  the  heaps. 

3.  Blocks  abound  high  up  the  mountains,  many  of  enormous  size 
and  weight,  for  whose  position  no  explanation  can  be  found  in  any 
of  the  forces  at  present  active  in  the  locality. 

4.  The  position  of  boulders  in  the  plain  may  have  as  great 
significance  to  the  glacialist  as  that  of  those  high  up  the  mountains. 
This  was  illustrated.  If  the  position  of  that  on  the  plain  is  one  to 
which  it  could  not  have  rolled,  the  face  of  the  country  being  at  the 
time  of  its  deposit  as  it  is  now,  the  supposition  is  admissible  that 
both  the  boulder  on  the  high  level  and  that  on  the  low  ground  may 
have  been  dropped  by  an  agent  on  which  the  inequalities  of  the 
surface  could  have  no  bearing. 

5.  Both  angular  and  round  boulders  occur  together  at  high  levels. 

6.  Boulders  are  met  with  the  same  as  the  rocks  in  which  they 
lie  in  heaps  whose  form  and  position  no  theory  of  weathering  or 
of  rolling  can  explain. 

7.  In  many  places  the  striation  is  much  hatched,  and  it  is 
difficult  to  make  out  the  initial  direction.  That  the  stiise  are  veiy 
often  in  the  line  of  the  larger  axis,  and  most  frequently,  by  the 
compass,  north-west  and  south-east,  is  almost  all  that  can  be  said. 
Some  large  boulders  present  comparatively  symmetrical  grooving  or 
striation  over  the  whole  surface.  When  this  occurs  above  only, 
the  readiest  explanation  is  found  in  tracing  it  to  the  action  of 
another  boulder  carried  in  the  direction  of  the  striae. 

8.  In  ascending'  Ben  Nevis,  and  when  on  the  snmmii,  mosi 
observers  are  struck  with  the  great  extent  of  the  Angular  debris  and 
the  immense  number  of  great  cornered  stones.  Snow  or  ice 
gliding  over  this  loose  surface  might,  at  first  thought,  be  expected 
to  sweep  it  all  away.  Even  snow  melting  suddenly  might  be  held 
likely  to  carry  it  down  to  the  valleya  But  the  tempemture  whidu- 
determines  the  formation  and  the  fall  of  the  snow  detenninM 


of  Edinburgh,  Session  1881-82.  487 

the  compacting  of  the  loose  material  The  moisture  among  it  and 
the  first  snow  that  falls  on  its  surface  freeze.  And  thus  a  thoroughly 
compact  moss  is  provided  to  resist  snow-slips  and  to  permit  the 
water,  from  the  melting  snow  when  the  thaw  comes,  to  flow  over  it 
into  the  courses  which  feed  the  mountain  torrents. 

9.  A  careful  examination  of  the  deposits  within  this  area,  so  far 
as  they  have  any  bearing  on  former  Arctic  conditions  of  climate  and 
a  glacial  surface,  begets  the  belief  that  the  bulk  of  the  phenomena 
may  ultimately  find  their  explanation  in  the  recognition  of  two 
movements — one  from  the  west,  north-west,  or  north-north-west, 
inwards  to  the  £en  Kevis  range,  and  another,  subsequently, 
outwards  from  Ben  Nevis  as  a  centre. 


3.  Bemarks  on  Dielectric  Strength.    By  Professor  Chrystal. 

The  phenomena  accompanying  the  disruptive  discharge  of  electri- 
city are,  in  the  present  state  of  electric  science,  among  the  most  inter- 
ting  known,  because  they  are  the  least  understood,  and,  so  f ar  aa 
know,  the  least  concordant  with  our  preconceived  ideaa  The 
simplest  way  of  representing  the  facts  is  to  imagine  with  Faraday 
^liat  the  non-conducting  medium,  or  dielectric,  between  two  charged 
conductors  is  the  seat  of  mechanical  stress,  consisting  of  tension 
ong,  and  pressure  perpendicular  to,  the  lines  of  force.  The  rupture 
the  dielectric  may  then  be  conceived  as  a  phenomenon  precisely 
axialogouB  to  the  rupture  of  an  elastic  body  under  stress.  We  are  thus 
to  the  conclusion  that  the  commencement  of  the  rupture  happens 
that  particular  point  where  the  tension  first  reaches  a  certain  value, 
<^®iled  the  breaking  tension  or  dielectric  strength,  which  depends 
^i^Qrely  on  the  material  of  the  dielectric,  and  on  its  physical  condition 
*^  the  time  being.  The  main  thing  in  any  experiment  on  dielectric 
**^>^«ngth  IB  to  know  the  tension  at  the  point  where  the  rupture  begins. 
-According  to  Maxwell's  rendering  of  Faraday's  theory,  the  tension 

^  g-^^f  where  E  is  the  resultant  electric  force  and  K  the  specific 

« 

^ductive  capacity  of  the  dielectric.  If  the  dielectric  be  uniform, 
^  'Will  be  a  TnaTimiiTn  at  the  surface  of  some  conductor.  If  then  a- 
"^  the  surface  density,  since  KR  =  47r<r,  we  have  at  the  point  of 
^pture, 
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and  the  discharge  will  begin  at  that  point  of  some  conductor  of  the 
system  whose  surface  density  first  reaches  the  value    /_. 

In  this  view  the  beginning  of  disruptive  discharge  is  conditioned 
solely  by  the  nature  of  the  dielectric  in  the  immediate  neighbour- 
hood of  a  certain  point  on  the  surface  of  the  discharging  body,  and 
by  the  electrical  surface  density  at  that  point  This  is,  in  the  first 
instance,  unquestionably  the  simplest  and  most  scientific  analysis  of 
the  phenomena,  but  it  has  not  as  yet,  I  think,  been  shown  that  it 
will  account  for  all  the  observed  facts.  Experimenters  have  mainly 
themselves  to  blame  for  this;  for  they  have  in  too  many  cases 
simply  worked  at  random,  and  have  consequently  fallen  among 
circumstances  so  complicated  that  a  theoretical  examination  of  their 
results  is  out  of  the  question.  Some,  for  instance,  have  apparently 
imagined  that  the  breaking  tension  or  dielectric  strength  of  a 
medium  could  be  inferred  from  the  difference  of  potential  required 
to  produce  a  spark  of  given  length  between  two  bodies  in  it,  no 
matter  what  their  form  or  surroundinga  The  most  casual  observa- 
tion of  course  proves  the  contrary.  I  am  not  aware  whether  any 
definite  experiments  have  ever  been  made  to  show  the  influence  of 
the  electrical  condition  of  surrounding  conductors.  The  following 
extracts  from  notes  of  some  experiments  made  last  summer,'*'  may 
perhaps  be  of  some  interest  as  illustrating  this  point     P  and  Q  are 
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two  rounded  terminals  between  which  the  spark  was  taken.    P 
charged  by  means  of  a  Holtz  machine  to  a  potential,  which 
measured  by  means  of  an  electrometer,  the  method  employed  beizz^ 
a  modification  of  that  used  by  Dr.  Macfarlane  in  his  ezpeiixnasts 

*  With  the  valuable  assistance  of  Dr.  MacfarUme. 
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on  difflraptive  discharge.  E  arid  S  are  two  parallel  metal  discs  faced 
with  plates  of  glass  aa  and  h\  to  prevent  discharge  between  them 
and  P  or  Q.  R  can  be  raised  to  any  required  potential  by  chargiug 
the  I^eyden  jar  L.  Q  and  S,  the  outer  coating  of  L,  and  the  other 
electrode  of  the  Holtz  machine,  are  all  connected  with  the  earth. 

For  a  given  distance  PQ  of  6  mm.  or  so,  provided  the  distance, 
ES  is  not  too  small,  the  mere  presence  of  K  and  S  does  not  sensibly 
increase  or  diminish  the  difiference  of  potential  required  to  produce 
a  spark  between  P  and  Q.  But  the  case  is  very  different  if  E  be 
xaised  to  a  considerable  potential,  as  will  be  seen  by  the  following 
tables.  In  the  columns  headed  P  and  E,  the  sign  of  the  charge  of 
these  conductors  is  given ;  under  V,  the  difference  of  potential  (in 
an  arbitrary  unit)  required  to  produce  the  spark ;  in  the  last  column 
the  difference  between  the  two  values  of  V. 


L 

P 

B 

V 

Difference. 

1 
/ 

+ 

— 

129 

-20 

> 

jL 

+ 

0 

149 

■  •  • 

PQ-  6  mm. 
RS-  26  mm. 

r 

+ 

+ 

160 

+  27 

+ 

0 

133 

•  •  • 

J 

+ 

+ 

142 

+  22 

^ 

+ 

0 

120 

•  • 

PQ-  3  mm. 

+ 

- 

107 

-26 

RS-  26  mm. 

L 

+ 

0 

132 

•  •  • 

J 

+ 

140 

-30 

■v 

L 



0 

170 

•  •  • 

PQ-6-6mm. 
- 
RS-  26  mm. 

1 

— 

190 

+  20 

1^ 

- 

0 

170 

•  •  • 

• 

A  modification  of  the  experiment  was  made  by  insulating  S,  and 
^^'^^'Sing  and  discharging  it  along  with  E,  with  the  f oUowiug  result : — 


\ 
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p 

B 

s 

V 

Difference. 

+ 
+ 

+ 
0 

+ 

0 

195 
139 

+  66 

•  •  • 

PQ-  7  mm. 
BS-  28  mm. 

+ 
+ 

+ 
0 

0 
0 

163 
136 

+  27 

•  t  • 

It  appears  very  clearly  from  these  experiments,  that  the  presence 
of  an  independently  charged  body  affects  considerably  the  potential 
required  to  produce  rupture.  When  the  neighbouring  body  has  a 
similar  charge  to  the  discharging  one,  a  higher  potential  is  required; 
and,  when  it  has  an  opposite  charge,  a  lower  potential  is  required 
than  when  the  neighbouring  body  is  neutral  or  absent  The  effect 
becomes  smaller,  ceteris  paribus^  when  the  distance  PQ  is  dimin- 
ished, and  increases  when  the  distance  RS  is  diminished.  If  we 
bear  in  mind  that  it  is  the  surface  density  at  extremity  of  P, 
which  determines  the  rupture,  and  not  the  difference  of  potential 
between  P  and  Q  merely,  this  result  is  precisely  what  we  ought  to 
expect 

If  we  assume  that  in  the  cases  above  quoted  the  charging  of  B 
and  S  affected  the  whole  charge  on  P  without  sensibly  altering  its 
relative  distribution,  which  must  have  been  approximately  true  since 
the  mere  presence  of  R  and  S  in  the  neutral  state  did  not  affect  the 
discharge,  then  the  surface  density  at  every  point  of  P  will  be 
proportional  to  its  whole  charge.  Let  p  be  the  capacity  of  P 
depending  almost  entirely  on  the  presence  of  Q  ;  —q  the  coefficient 
of  induction  between  R  and  P,  which  is  the  same  as  that  between 
8  and  P ;  Vq  the  potential  of  P  corresponding  to  rupture  when  R 
and  S  are  at  potential  zero,  V  the  corresponding  value  when  R  and  S 
are  at  potentials  U  and  U'  respectively.  Then  we  have,  since  the 
surface  density  at  the  point  of  rupture  is  the  same  in  both  cases,  and 
therefore  by  our  assumption  the  whole  charges  also  the  same, 

l>Vo-^V-j(U  +  U'), 
V-Vo=|-(U  +  U'). 
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In  the  caaes  where  B  alone  was  charged  we  have 

When  both  B  and  S  were  chaiged  to  the  same  potential, 

V-Vo-2|.U. 

These  formulae  reproduce  all  the  results  quoted  above;  they 
farther  indicate  that  the  differences  are  proportional  to  the  potential 
of  the  disturbing  body,  as  was  found  to  be  the  case  in  some  rough 
experiments  which  were  tried  to  test  this  conclusion. 

The  fact  that  the  presence  of  an  oppositely  charged  body  facili- 
tates discharge  from  a  conductor,  suggests  the  curious  conclusion 
that  a  spark  may  under  certain  circumstances  be  caused  to  pass 
between  two  bodies  by  merely  bringing  up  near  them  a  body 
oppositely  charged  to  that  on  which  the  point  of  maximum  surface 
density  is  to  be  found.    This  experiment  was  repeatedly  tried  with 
perfect  success.     P  was  gradually  charged  up  until  the  electrometer 
indicated  that  it  was  near  the  potential  of  rupture.     Then  the 
machine  was  stopped  and  B  suddenly  charged  oppositely  to  P  by 
connecting  it  with  a  large  Ledyen  jar  standing  ready  for  the  purpose. 
^Hie  result  was  to  cause  disruptive  discharge  between  P  and  Q.     A 
^ixnilar  phenomenon  no  doubt  sometimes  occurs  in  nature.    Suppose 
^eie  were  a  positively  charged  thunder  cloud  at  some  distance  from 
^G  earth,  near,  but  not  quite  at,  the  point  of  discharging  j  the  advent 
^t  another  cloud  negatively  charged,  but  at  a  smaller  height,  might 
^^tiae  the  lightning  to  pass  down  from  the  higher  cloud  to  the  earth 
^Among  the  various  circumstances  that  might  affect  the  strength 
^^  a  dielectric  I  thought,  for  reasons  needless  to  relate,  that  it  would 
^^   interesting  to  examine  whether  its  magnetic  state  be  material 
^^ith  this  view  I  arranged  two  spark  terminals  between  the  poles  of 
^  Powerful  electromagnet  in  different  positions  relatively  to  the  lines 
^^  tnagnetic  force  and  measured  the  difference  of  potential  required 
^    produce  a  spark  when  the  magnet  was  excited  and  when  it  was 
^^^    The  result  was  entirely  negative.     Although  the  magnetic 
^^tt5e*  employed  went  as  high  as  6000  absolute  C.  G.  S.  units,  I 

For  the  rough  measurement  of  the  strength  of  the  magnetic  field  I  am 
^^^^bted  to  Mr.  Alhert  CampbelL 
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could  detect  no  difference  amonnting  to  1  per  cent  which  was  ab 
the  uncertainty  in  my  best  experiments. 

The  earhest  measurements  in  absolute  units,  from  which 
dielectric  strength  of  air  could  be  deduced,  were  those  of  Sir  Willi 
Thomson  (1860),  who  measured  the  electromotive  force  betwi 
two  parallel  plates  required  to  produce  a  spark  varying  in  len, 
from  '0025  cm.  up  to  '15  cm.  De  La  Rue  and  Miiller  (181 
Macfarlane  (1878),  and  T.  R  Bailie  {Gomptes  Rendus^  Jan.  18 
pp.  38  and  130),  have  followed  in  his  footsteps.  The  following  ta 
contains  some  selections  from  their  results :— 


Spark  Lengths 
in  Centimetres. 

Potential  Required  to  produce  the  spark  in  C.  0.  S. 
Electrostatic  Units. 

Thomson. 

De  Tia  Rue 

and  MiQler. 

Macfarlane. 

Bailie. 

Water 
Kleotromefa 

•01 
•05 
•10 
,    30 
•61 

288 

7-28 

18  30 

•  •  • 

•  •  • 

■  •  • 

7-69 
14^47 
34-44 

•  •  • 

... 

7-48 
11-66 
26*66 
45-61 

S'16 

8-71 

14-67 

36 -85 

64-81 

••• 

•  •* 

•  •■ 

•  •• 

55^00 

It  will  be  seen  that  the  agreement  between  the  different  expc 
menters  is  far  from  perfect.  To  those  familiar  with  the  manifi 
difficulties  attending  measurements  of  this  kind,  this  is  not  snip 
ing.  I  may  mention  that  the  result  in  the  last  column  was  obtaii 
last  summer  by  Dr.  Macfarlane  and  myself,  by  means  of  a  new  fc 
of  absolute  electrometer  which  I  was  led  to  devise  during  a  eon 
of  experiments  of  which  we  hope  to  give  an  account  hereaf 
The  instrument  consists  simply  of  an  insulated  plane  disc,  sospem 
parallel  to  a  surface  of  water  connected  with  the  earth.  Whon  ' 
disc  is  raised  to  a  high  potential,  the  water  rises  up  and  fonn 
plateau,  whose  height  is  measured  by  observing  with  a  microiiM 
eyepiece  the  displacement  of  the  image  of  a  fixed  point  seen 
reflection  at  the  surface  of  the  water.  From  this  we  can  ealcul 
at  once  the  difference  of  potential  between  the  disc  and  the  watei 
absolute  units.     The  instrument  is  very  direct  and  ready  in  ita 
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plication,  and  promiBes  well  so  far.  If  it  continuos  to  answer  our 
expectations  I  shall  take  the  liberty  of  laying  a  detailed  description 
of  it  before  the  Society. 

There  is  one  point  of  gieat  interest  on  which  all  these  experi- 
menters are  agreed,  viz.,  that  the  curve  whose  abscisssB  is  the  spark 
length,  and  whose  ordinate  is  the  spark  potential,  is  not  a  straight 
line  as  it  ought  to  be  by  the  ordinary  electrostatic  theory,  combined 
with  the  notion  of  dielectric  strength  above  explained,  the  air 
between  the  plates  being  assumed  to  be  a  uniform  dialectric    There 
can  be  no  question  that  at  very  short  distances  the  falling  off  from 
this  law  is  very  great     I  think  that  there  has  been  a  slight  tendency 
io  overstate  the  discrepancy  for  distances  over   *1  cm.     Taking 
3aille'8  numbers,  excluding  all  distances  under  -2  cm.,  I  calculated 
'■by  the  method  of  least  squares  the  formula  of  the  form  V  »  fl»  +  ^, 
-^hich  would  best  reproduce  his  observations.    Y'  denotes  calculated 
^^jpark  potential  for  s  centimeters ;  V  the  observed  spark  potential 
^Ihe  formula  found  was 

V'  =  99-593«  + 4-997. 

The  following  Table  gives  the  comparison : — 


8 

V 

V 

V-V 

•1 

14-67 

14-96 

-•29 

•2 

25-61 

24-92 

+  -59 

•3 

36*35 

34-88 

+  -47 

•4 

44-77 

44-83 

-•06 

•6 

54-47 

64-79 

-•82 

•6 

68-82 

64-75 

--98 

•7 

78-78 

74-71 

-•98 

•8 

84-86 

84-67 

+  -19 

•9 

94-72 

94-63 

+  •09 

1-0 

106-60 

104-69 

+  •91 

'Oie  enor  nowhere  exceeds  3  per  cent,  and  if  we  consider  the 
ioematd  probability  of  error  from  leakage  at  the  high  potentials, 
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the  arrangement  of  the  negative  signs  in  the  middle  of  the  difference 
column,  indicating  a  slight  curvature,  may  be  said  to  be  accounted 
for.  I  find  a  similar  result  on  reducing  some  of  Macfarlane's  Tables 
in  the  same  way,  so  that  it  would  scarcely  be  unreasonable  to  say 
that  for  distances  beyond  *1  cm.,  the  curve  is  straight  within  the 
limits  of  experimental  error. 

If  this  be  allowed,  there  remains  to  be  accounted  for  only  the 
admitted  curvature  for  distances  under  '1.  Two  explanations  have 
been  suggested,  and  others  might  be  or  perhaps  may  already  have 
been  advanced. 

1.  That  the  air  in  the  immediate  neighbourhood  of  a  solid  con- 
ductor is  condensed,  and  therefore  dielectricaUy  stronger.  This 
explanation,  if  I  understand  it  aright,  appears  to  me  to  fail  altogether. 
For  the  beginning  of  rupture  is  conditioned  by  the  strength  of  the 
layer  next  the  conductor,  and,  even  on  this  explanation,  that  would 
be  the  same  at  all  distances,  and  the  curve  ought  to  be  a  straight 
line. 

2.  That  there  is  a  difference  of  potential  between  the  conductor 
and  the  air.  This  hypothesis  would  still  give  a  straight  line 
although  not  passing  through  the  origin,  it  would  therefore  stall 
leave  the  curvature  near  the  origin  unexplained,  which  in  the  case 
of  air  at  least  is  the  main  difficulty.  Still  this  possible  cause  should 
not  be  lost  sight  of.     It  may  be  part  of  the  explanation. 

3.  It  might  be  that  the  air  near  the  conductor  is  electrified,  in  ^ 

which  case  the  characteristic  equation  of  the  potential  between  the^ 

plates  would  become 

d^\ 

Without  entering  into  a  discussion  of  this  hypothesis  in 
meantime,  I  may  mention  that  it  is  subject  to  the  initial  objectic 
that  it  seems  difficult  to  reconcile  it  with  the  fact,  proved  by 
best  modem  results,  that  there  is  nothing  of  the  nature  of  slo' 
conduction  or  even  convective  dischaige  through  air  at  the  atm. 
spheric  pressure,  so  long  as  the  electromotive  force  does  not 
a  certain  limit 

4.  There  \&  yet  another  hypothesis  which  seems  to  me 
worthy  of  examination,  viz.,  that  the  Specific  Inductive  (k^paaiy    ^ 
the  air,  undeigoes  a  rapid  variation  ^m  the  suiiaee  of  a 


i 
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oatwaida  The  most  natural  assumptioii  in  the  first  instance  would 
1)6  that  so  long  as  the  curvature  of  the  surface  is  finite,  K  is  a 
function  simply  of  the  distance  from  the  surface,  and  independent 
of  its  curvature,  that  it  starts  with  a  value  E^  just  at  the  surface, 
^nd  very  rapidly  reaches  a  value  E^,  which  it  retains  until  the 
xmmediate  neighbourhood  of  another  solid  is  reached.  The  equation 
of  the  potential  now  becomes 

■U"'!)-' « 

a?  being  measured  perpendicular  to  the  two  parallel  plates,  from  the 
one  at  higher  potential  to  the  one  at  lower.     We  thus  get 

■^s-^ (^). 

^^lere  A  is  a  constant 

Whence  ^''V'^' 

^^d  if  V  denotes  the  diiference  of  potential  between  the  plates,  and 
^  Uie  distance  between  them, 

V-  -A^^ (3). 

*^^  resultant  force  at  the  surface  is 

B--A 1^ (1). 

^  be  less  than  a  certain  distance  (comparable  with  a  millimetre, 

Judge  by  the  experimental  results)  the  integral     /  ^^     may  be 

i 
^^ken  up  into  two  equal  parts      /"  :^   *^^  /     ^     ®*^  ^^ 

T 

^^h.  is  the  same  function  of  ^,  the  whole  is  therefore  some 

^^ctionof*,  so  that  we  may  write/   =r  =  =-^.,    where   'Kq/Cs) 

yo  -K     i^/(«) 

^  a  value  intermediate  between  Eg  and  E^,  we  thus  get 

R-y/t") (5). 
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which  is  general  enough  to  represent  the  experimental  resultB    for 
small  distances. 

Next  let  8  be  greater  than  a,  where  a  is  the  distance  from,     a 
conductor  at  which  E  ceases  sensibly  to  vary,  then, 


/*dx     r*dx     r^-^dx     r^dx 


Here  the  first  and  last  integrals  are  equal  and  constant,  say  each 
:^,  where  E'  is  intermediate  between  Ko  ^^'^  ^r  Ii^  ^^  ^^^ 
integral  K  is  constant  throughout,  and  equal  to  Kp  we  thus  got 


/ 


Whence 


*dx     2a     «-2a 
'o   K     E'      Ej 

V 


This  gives  a  straight  line  for  distances  greater  than  a,  and  accoc^  ^^ 
with  the  interpretation  which  I  am  inclined  to  put  upon  the  resoJ^^ 
of  experiment 

This  theory  then  would  allow  us  to  retain  the  notion  of  a  defiii:^^ 
dielectric  strength  for  air,  and  at  the  same  time  to  reproduce  \^^ 
results  of  experiment     The  only  question  to  be  settled  is  wbett^ 


the  assumed  variation  of  the  specific  inductive  capacity  ac 
exists.    Equation  (5)  would  of  course  allow  us  to  find  the  nature 


oi 


the  variation,  if  any  such  existed.    Since,  in  the  case  of  air,  by  *^^^- 
unanimous  testimony  of  experimenters,  the  intercept  on  the  axis  of 
is  positive,  we  must  have  E^  >  E' ,  and  hence,  since  E'  is  ini 
mediate  to  Ej  and  E^ ,  E^  >  Ep ,  i.e.,  the  specific  inductive  «-«***  "^ 


of  air  in  the  neighbourhood  of  a  conductor  is  less  than  in  free 
This  seems  at  first  si^ht  a  somewhat  startling  conclaskm;  but 
reflection  I  see  nothing  against  it  except  perhaps  pi^udioe.    At 
events  it  will  scarcely  be  said  that  the  kinetic  theory  of  gases 
it  immediately  either  way. 

The  above  theory  may  at  once  be  subjected  to  a  very  interesti^^ 

i 
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azperimental  test ;  indeed^  it  is  on  this  account  mainly  that  I  have 

ventured  to  bring  it  forward. 

Let  C  denote  the  capacity  per  square  centimetre  of  two  parallel 
plates  at  a  distance  s  apart.  Then,  since  the  surface  density  is 
^Ten  by 


get  by  (4) 


,.^E. 


cr 


0     J^ 


32ice,  y  being  the  spark  potential  corresponding  to  the  same 
dl^-tance  «,  since  by  hypothesis  E  is  always  the  same,  being  in  fact 


r==-  ,  we  have 

^0 


ce 


4fl-       V    27r 
s  constant 

l^his  reciprocal  relation  between  the  capacity  and  spark  potential 
^>^^8  that  the  capacity  of  the  plates  for  very  small  distances  apart, 
^^Sit,  if  the  above  theory  be  correct,  to  be  much  smaller  than  the 
e  calculated  by  the  usual  assumption  of  a  uniform  dielectric,  for 
I^onment  has  already  shown  that  the  spark  potential  is  very  much 
ir.     I  have  devised  an  arrangement  for  putting  this  conclusion 
^^  «**  experimental  proof,  and  hope  in  the  course  of  next  sununer  to 


^l>le  to  lay  the  result  before  the  Society. 

I^ere  is  one  other  point  on  which  I  should  Hke  to  remark. 

*^o^^©ver  good  the  methods  of  Sir  William  Thomson  may  be,  I 

^mi^  t]ii^  little  is  to  be  gained  by  following  them  to  the  exclusion 

^^  otihers.     It  is  clearly  desirable  to  experiment  with  other  forms  of 

^^'^minals  for  which  the  surface  density  can  be  calculated,  and  to 

^^&mine  whether  the  results  can  bo  explained  in  all  cases  by  a 

^nunon  hypothesis.     I  think  it  might  be  possible  by  careful  atten- 

^^  to  insulation,  to  measure  with  some  accuracy  the  potential  at 

^^^  dismptive  dischaige  begins  at  the  sharpest  extremity  of  an 
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ellipsoid  of  given  form,  and  from  this  to  reduce  a  measure  of  the 
dielectric  strength  of  air.  Some  curious  problems  of  mathematical 
physics  arise  here  in  connection  with  the  assumption  of  varying 
specific  inductive  capacity,  which  I  can  only  mention  in  passing. 
I  find  on  a  certain  rough  assumption  that  ovary  ellipsoids  of  reason- 
able dimensions  ought  to  give  practically  measurable  results,  and 
propose  to  try  the  experiment. 

With  the  same  end  in  view  I  think  it  would  be  desirable  to 
reduce  the  experiment  of  Bailie  and  others  with  spheres,  in  cases 
where  the  surface  density  can  be  calculated,  and  to  examine  the 
values  of  the  dielectric  strength  in  these  cases.  Until  this  or  some- 
thing equivalent  is  done,  it  is  clear  that  we  have  really  no  experimental 
ground  for  asserting  the  existence  of  such  a  constant  as  the 
dielectric  strength  of  a  medium,  and  therefore  cannot  take  the  very 
first  step  towards  a  physical  theory  of  the  disruptive  discharge, 
which  appears  to  me  to  be  the  next  great  advance  to  be  made  in  the 
science  of  electricity. 


4.  Diagnoses  plantarum  novarum  et  imperfecte  descriptarum 
Phanerogamarum  Socotrensium ;  quas  elaboravit  Bayley 
Balfour,  Scientise  Doctor  et  in  Universitate  Glascuensi 
rerum  botanicarum  regius  professor.    Pars  Prima. 

Plena  descriptio  Botanices  Socotrensis  quantum  nobis  cognito^ 
brevi  tempore  subjicietur  Societati  Regiad  Edinensis  ut  in  suis  Actis-^ 
in  lucem  emittatur  et  divulgetur.  Quoniam  verum  spatio  certo^ 
temporis  opus  erit  ut  singulsB  partes  et  minutiae  FlorsB  tarn  abon — 
dantis  et  copiossB  plene  elaborentur  et  perlustrentiir,  et  quoniaixKa 
perplures  formse  endemicse  tam  generum  quam  specierum  in 
Flora  comprehenduntur,  oportet  et  congruit  opportonis  temporiE 
intorvallis,  opere  progrediente,  breves  diagnoses  novarum  plantami 
in  medium  proponere,  ut  prioritas  vindicetur  nominibus  qvm 
novis  tribuantur,  et  quaa  in  volumine  Actorum  Societatis 
publice  emittentur. 

Nunc  igitur  in  medium  profero  aliquas  diagnoses  novonuKitf 
generum  et  specierum.  In  hac  parte  prima  plantas  novas  Diootyl^^ 
donearum  Polypetalasarum  solum  descripd;    in   paitibiis  sal 
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<j[uentibii8  illas  sectionam  aliarnni  Phanerogamaram  in  apertum 

Hand  ab  re  dozi  enairare  ex  qoibus  originibus  derivatar  materia 

<^iUB  noetris  descriptionibuB  occasioiiem  dat.     Primo  perpauoa  epeci- 

znina  imperfecta  et  fragmentaria  quse  a  Huntero,''^  qoando  mnnere 

X«gati  ftmgens  insnlam  Socotram  invisebat,  collecta  sunt,  ei  qufiB  ab 

JLllo  partim  herbario  Kewensi  missa  sunt,   partim  vero  a  Hayo,t 

TJnivenitati  Edinensi  donata  sunt     Pauca  specimina  etiam  frag- 

izjoeataria  et  imperfecta  ex  insnlA  a  Wykebam  Perryo  %  ablata  sunt  et 

:xxniic  in  berbario  Kewensi  invemuntur.       In  sequentibuB  descrip- 

-feEonibns  tecbnida  abbreviationes  "Hunt."  et  ** Perry "  collectiones 

x.Ui  et  alteri  proprias  indicant. 

DeincepSy  babemus  collectionem  relatam  a  participibns  nostrsB 
^^Kpeditionis, — ^hi  fuerunt  Carolus  Jacobus  Cockbumufl,§  Alex- 
ciJEider  ScottnaH  atque  ego  ipse.  Species  a  nobis  repertse  signo 
**  ^.C.  S."  dedgnantur. 

Poetremoy  poesidemus  collectionem  Doctoris  Sebweinfurtbii  via- 

*^o^  et  botanici  celeberrimi      PlantaB  ab  eo  collectae  abbrevia- 

tione  "Scbweint"  notantur.      Huic  Societati  EegiaB  jam  promis- 

"^onem  ejos  mnnificam  memoravi,  se  sua  specimina  illis  nostras  expe- 

^^onis  additorum  esse.     Promissionem  ejus  observavit  et  prsBstitit, 

^^  ab  eo  magnum  nomerum  splendidorum  speciminum  conservatorum 

'^^^l     Horum,  alia  nos  ipsi  dum  in  Socotra  morabamur  non  ibi 

^^tiixiu]iiii3^  alia  autem  nobis  facultatem  dederunt  ad  certas  plantas 

I^l^ne  describendas,  quarum  nostra  exempla  imperfecta  seu  fragmen- 

^^  etant      Atque  adeo  collectiones    ejus    perutiles  et    magni 

^^^UoandaB  in  conficienda  enarratione  Botanices  Socotrensis  fuerunt. 

S^peiest  ut  bic  moneam,  quamyis  ego  pro  majoritate  nomi- 

^^  plantamm  postbac  enarrandarum  solus  sponsor  sim,  aliquas 

^^  tamen  nomine  "Scbweinf."  designatas  esse.      Hoc  evenit 

^  planta  certa  nos  ipsi  propria  indagatione  non  omnino  potiti 

^^^  vel  ubi  nostra  specimina  ad  recognitionem  certae  plantae  non 

^^Bdebant,    Adeo  bonor  inveniendarum  banim  plantarum  Scbwein- 

^Wo  rite  tribuendus  est     Nonnunquam,  sed  raro,  nomina  aliorum 

Ciptain  Hnnter,  Assistant  Political  Resident  at  Aden. 
J  George  Hay,  M.D.,  Port  Sturgeon,  Aden. 

^  Commander  Wykeham  Perry,  R.N.,  late  Senior  Naval  Officer  at  Aden, 
i  Ideatenant  Cockbnm,  6tli  Koyal  Regiment. 
I  Alexander  Scott,  gardener  in  the  Royal  Botanic  Garden,  Edinburgh. 
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anthorom  speeiebos  sabjoncta  sunt  Hoc  evenit  abi  chazaet 
aliciyus  plantsB  Socotrensis  occasionem  dedemnt  substantiali  IBC 
cationi  certm  prioris  deeciipiianis,  aut  ubi  nomen  plantse  antea  di 
eat  nulla  tamen  descriptione  comitante. 

MENISPERMACaEiE. 

1.  CooouLUB  BALFOUBn,  Schweinf. :  dnmetosa,  cladodifeia,  apii 
foliifl    elliptico-oblongis  v.    subobovatis,   breviter   petiolatifii 
dAciddfl;   floribuB  BubsessiUbuB  in  bieviBsune-pedimculatiB  c; 
conf  ertiB ;  fl.  $ :  staminodiis  seni& 

Norn.  vern.  Kiomhan. 

Socotra^  in    montibos  altioribus    cieficens.     B.C.S.    Na 
Scbweinf.  Na  754. 

CEUCrFERiE. 

2.  DiOERATELLA  INOANA,  Bolf.  fil,  \  berba  incana ;  f oliis  oblo: 
V.  ovatiB,  obtusiB,  repandis ;  lacemiB  laxiB  elongatiB ;  floriboB  mag: 
siliquis  tetiagoniB. 

Socotra,  Iocob  arenosoB  incolana     6.C.S.  No.  136. 

3.  Fabbbtia  pbostrata,  Balf.fil, :  herba  prostrata ;  foliiB  oboT 
obtufliB,  08dpd  apicolatlBy  ciaBsiB,  BirigosiB;  ailiquis  linearibii& 

Soeotnii  in  lodB  arenosiB.    B.C.S.  No.  205. 

4.  Brabsioa.  bostrata,  Balf.  fil. :  berba  annua;  foliiB  lynto^ 
natisectiB ;  floribuB  albis ;  siliquiB  patentibuB  torulosiB,  valvis  tiii 
viis,  TOBtro  longo  monospermo. 

SoGotra,  Bub  umbia  Bcopulomm  in  montibus  cieBcenSi  &( 
Na245. 

Laohkooafsa,  Bdlf.  fil. 

Sepala  erectai  lateralia  basi  saccata.  Petala  unguiculata.  StMB 
libera,  edentula.  Siliqaa  breyis,  plano-compreefia,  subcoidali 
orbiculaiiB,  tomentosa,  BubsessiliB,  foliis  similiBBiniay  2-loeali 
loculiB  interdum  bilocellatiB,  1-3  Bperma;  valviB  B»pe  aqiull 
apteiiB,  craesiB,  BpongiosiB,  Bepto  contraiie  compreBBis;  aeptom  linfl 
enervinni«  chartaceum  \  atylo  prope  nullo ;  Btigmate  bfloba  SflB 
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in  loceUis  aolitaria»  eivpeiisa,  obbnga,  sahoompresaa,  immarginaia ; 
testa  notmnooosa;  radiciilaincTimbeii&-^FnLticulu8  diflftuus,  lamosoBy 
albide  tomentosiui,  cortice  luznpente  decidenteque.  Folia  alterna, 
integn.     Floies  axillares,  mibsessiles,  luteL 

Genus  moDotypicum  dubis  affinitatis,  f oisan  ad  vicinitatem  Lepidii 
Teferendnin. 

5.  L.    8PATHULATA,   BcUf,  fil.  I    species  unica  in  locis  arenosis 
Socotrao  piope  OoUonsir  crescit    B.C.S.  No,  587. 

CAPPARIDEiE. 

6.  Clbomk  boootrana,  Bdlf.  jU. :  herba  erecta ;  f oliolis  obovatis 
^v.  oblongo-obovatifl  \  petalorum  limbo  subdeltoideo ;  siliquifl  adac^- 
dexitibus ;  seminibus  pubesceutibus. 

Socotra,  in  campis  calcareis.     6.C.S.  No.  76.      Scbweini  Noq. 
>,  710. 

RESEDACE^ 

7.  Bbsedaviridib,  Balf.  fit. :  fraticulosa,  glabemma ;  foliis  ellip- 
Y.  oblongisy  V.   subobovatis,  obhisis,  ainuatia,  interdum  tifr 

pQftLti%  longe-petiolatiB ;  pedicellis  floribos  brevioribns;  sepalia  6 
^tegiiB  deddois;  petalis  all»B ;  filamentis  deciduia;  capeulis  breviter 
^-vi^entatis;  seminibos  tuberculatis. 

Soootns  ^  dedivitatibus  montium  ciroa  GoUcmBir  ad  1500  ped 
•It.  B.C.S.  Na  230. 

CARYOPHYLLEiE. 

&  Gtfsophila  MONTANA,  Bcdf,  fil, :  perennis,  glabra  v.  plus 
'I'Uiuigve  glandiiloeo-pilosa ;  f oliiB  ciassiusculis  obovato-epathulatis ; 
^^Ttm  laxia  lamoaa ;  pedicellis  calyce  et  bracteis  f oliaoeis  losgi* 
^^'^^Inia;  calyce  campanulato  ad  medium  5-fido;  petalorum  Umbo 
^^^^tbcto  truncato ;  capsulo  calyci  sequilongo  j  seminibus  punotalaUv 
*^b«iculatia 

Sk)cote»  montee  aUdssimos  incolans.    B.C.S.  No.  442.    Scbweijaf. 

Distrib.  Aden. 
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9.  PoLTOABPJSA  OiBSPiToaA,  Bolf,  fiL  :  perennis,  subcffiBpitosa, 
glabra ;  caulibuB  prostratis  v.  subterraneiB ;  f oliis  Bubcrassis  angnste- 
spathulatis  v.  oblanceolaidB,  stipulis  fimbriatis;  floribns  sessilibas 
in  spicas  paucifloras  ad  apices  rhachium  longanim  congestiB ;  sepaUs 
ovato-acutis  infra  late  scariose-alatiB ;  petalis  sepalis  subsBquilongis, 
et  capsulis  longioribus. 

Socotra^  in  locis  arenosis  non  in£requens.     6.C.S.  No.  683. 

1 0.  PoLTOABPiEA  DiVARiGATA,  Bolf.  JU. ',  annua,  Yiridis,  glabra,  ramo- 
siBsima,  erecta;  f oliis  submembranaceis  apice  setosis,  radicalibua 
rosulatis  spatbulatis,  ramalibus  longe-oblanceolatis  v.  filiformibus; 
stipulis  acnminatis ;  floribus  sessilibus  in  spicas  imbricatas  ad 
extremitates  rbachium  longarum  positas ;  sepalis  ovato-lanceolatiB 
petalis  capsulisque  longioribus. 

Socotra,  in  locis  siccis  florena  6.C.S.  No.  684.  Schweini  No. 
643. 

HYPERICACE^ 

11.  Htfbrioum  tobtuosum,  Balf,  JU, :  suffimticosam,  glabniin^ 
glaucam,  ramulisquadranguHs;  f  oliis  obovatisv.  elliptico-oblongis  t"^ 
subrotundis,  obtusis  v.  subacutis,  inferioribus  petiolatis,  superionbiL.-i 
sessilibus  amplexicaulibus  decurreniibus,  decussatis,  semperviresceici: 
tibus,  coriaceis,  pellucido-punctatis ;  floribus  in  cymas  terminales 
positis  j  sepalis  elongato-ellipticis,  imbricatis,  eglandulosis ;  si 
bus  styUs  brevioribusj  capsulis  verrucosis;  seminibus  linofit'  i^ 
punctatis. 

Socotra,  inter  rupee  Haggier  montium  ad  2000  ped.  alt  KG— ^ 
No.  607.    Scbweinl  No.  757. 

12.  Htperioum  soopulobum,  Balf.  fil.\  sufl^uticoeum,  g^bn^L3 
glaucum,  ramulis  quadrangulisj  f oliis  oblongo-oyatis,  obtusis,  \3mm'^ 
bus  decussatis,  sempervirescentibus,  coriaceis,  glanduloea-puncta.^Aa^ 
pedunculis  unifloris  axillaribus ;  sepalis  basi  subconnatisi  kcixmXB 
ensiformibus  valvatis,  eglandulosis;  staminibus  sty  lis  breyioiil^^i'/ 
capsulis  longitudinaliter  vittatis ;  seminibus  lineato-punetatiBL 

Socotra,  in  montibus  Haggier  cum  specie  piiore  lepeirtanL   &Ca 
Na  405.    Schweinf.  Nos.  622,  756. 
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MALVACEiE. 

13.  HiBisouB  (KdnUa)  Soom,  Balf.  fil.i  arborescens ;  foliis 
petiolatis  eUiptids  v.  ovatis,  obtusis,  basi  cordatis  v.  cnneatis, 
subtns  pilis  trifuicatis  faciliter  avulsis  vestitis  j  floribus  in  racemos 
axillares  solitarioe  breves  validos  paucifloros  dispositiB;  calyce 
cyatihofonni  bracteolas  10  v.  ploies  lineares  trinervias  liberas 
Aquante;  coioUa  magna;  capsnlis  S-yalvis  levibas;  seminibus 
pilofiia. 

Socotra,  in  moniibus  Haggier  raros.    B.C.S.  No.  705.    Scbweinfl 
1^0.  635. 

14.  Hmisons  stenanthus,  Bed/,  fil. :  snfiEruticoBns;  foliis  cor- 
datis  obtusis  dentato-crenatds,  pilis  trifurcatis  dense  subtos  vestitis 
pednncolis  onifloris  curtis  solitariis  peUolum  breviter  excedentibus 
calyce  pocnliformi  bracteolas  8-12  lineares  dimidio    superante 
l>eta]is  infra  angoste-convolutis,  supra  patentibus. 

Socotra,  locos  siccos  calcaieos  incolans.     B.C.S.  No.  706. 


15.  Hibiscus  xalacophtllus,  Balf,  fU, :  arborescens;  ramulis 
^"^irugineo-toinentosis ;  foliis  late  ovatis,  obtusis,  dentatis,  crassis, 
^^nse  pubescentibus  j  peduncolis  unifloris,  solitariis,  brevibus; 
***^acteolis  10-12  liberis,  lineariba& 

l^om.  vem.  Dera  foo. 

Socotra,  infrequens  in  convalle  prope  Adho  Dimellus,  ad  altita- 
^i^em  ultra  2000  ped.    B.C.S.  No.  488. 


STERCUUACE^ 

16.  Melhania  mubioata,  Balf  fU, :  suf&uticosa  molliter  tomen- 

^^^ ;  foliis  petiolatis  variantibus  ab  f ormis  linearibus  ad  ellipticas, 

^PicQ  tnmcatis  v.  retusis  seepe  apiculatis,  crenato-serratis,  subtus 

^Widuloso-punctatis ;  cymis  bifloris;   bracteolis  cordato-reniformi- 

^  accrescentibus  membranaceisj   capsulorum  loculis  bispermis; 

^ci&inibus  muiicatis. 

Socottay  circa  QoUonsir  abundans.    B.C.S.  No.  230. 


47&  (pto  parte). 


18.  GbXWU  BILO0ULABI8,  Bolf.  fit.: 
brevitei  petioUtis,  magnis,  ovaiia  acntis,  basi  coidatiB  nquila 
cronato-BerratiB ;  cymis  biflaris  fere  oppositifoliia ;  pi 
petiolo  8nb»qiiiIoiigie ;  drupis  l-pyrenia  4-bbatis,  subcal 
glabieBcentibna  nitidia ;  pyrenifi  bilocalaribus. 

Socotn,  in  convallibiis  raia.  B.G.8.  No.  498.  Schwi 
476  (pn  parte). 

19.  CoBOHOBUB  BBODioiDn,  Bdlf.  ftl. :  perenma,  taaaa, 
simna,  depreeeoa ;  foliia  diTeTBe-pinnatisectis,  longe-petiolat 
pUoaii )  peduncnlis  longis  nnifloris  eztn-azillanbiu ;  bmm 
lUqoe  quatuor;  staminibua  ploiibus ;  oapaulia  lectia  t.  pi 
vatia,  bieviboa  pubeecentibsa,  bilocuUribus,  bivalvii. 

Socotia,  in  campis  arenosis  circa  GoUonair  atque  Tuoi 
qnona.     £.0.8.  No.  48.     Sobweinf.  No.  361. 

20.  EutooABFoa  TRAKBULTua,  Bo^f.  JU. :  aibor  alta  : 
ramia  tenninaliboa  ciaaaia  oicBtricoBis ;  foliis  venraa'apices 
aggregatia,  lanceolatia,  eloi^tia,  apica  baaique  angoatatdf 
istegria,  sabimdnlatis,  eubobliquis,  fen  6  poll,  loiigia,  2  p 
breviter  petiolatia,  apaiae  ateUatim-tomKitoaia,  Bubtns  palli 


of  Ediidmrgh,  Sessian  1881-82.  505 

RUTACE^ 

21.  Thamnosma  soooTBuiNA,  BcUf.  JU. :  sofEruticosa,  grayeolens, 
glandoloso-papillosa ;  foliis  simplicibuB,  integris,  oblanceolatis  v. 
i^goste  obovatis ;  floribus  solitariiB,  extra-axillaribuB;  ovario  sesedli ; 
fleminibus  longe  mnricatis. 

Socotia,  in  BummiB  montibus  Haggler.  6.C.S.  No.  395. 
Schweinf.  No.  619. 

BUKSEBACEiE. 

22.  BofiwsLLiA  Ambero,  BoUf,  fit. :  arborea  cortice  papyraceo;  foliis 
•■"ftgnig  mnltifoliolatis  pubescentibiis  rhachi  tereti,  foliolis  subsessi- 
libuB  oblongo-ellipticis  obtnsis  crenato-dentatis  subrevolutisj  race- 
jmis  densis  foliis  multo  brevioribus,  pedicellis  longis  flores  exceden- 
xbns;  capsulis  4-5-goiiis  turbinatds  breviter  stipitatds. 

Nom.  yem.  Ameero. 

Socotra,  arbor  balsamiflua  ubique  per  monies  crescens.  6.G.S. 
No.  349.     Scbweinf.  No.  640. 

23.  BoswELLiA  ELONGATE  Bolf.  JU. :  arboiea  cortice  papyraceo  j 
foliis  magnis  mnltifoliolatis  rbachi  tereti  tomentosa,  foliolis  sessilibns 
^ongato-oblongis  obtusis  crenato-serratis  revolutis ;  racemis  ramosis 
QlongatiB  foliis  fere  duplo-longioribns,  pedicellis  crassis  floribus 
"'^vioribns;  capsulis  maturis  non  visis. 

Socotra,  arbor  balsamifiaa  in  clivis  montium  freqnens.  6.C.S. 
^o.  657. 

^4.  BoswBLLiASoooTRANAj-BaZ/.^.:  arborea  cortice  nonpapyraceoj 

^"^Uia  parvis  mnltifoliolatis  glabris  rbachi  alato,  foliolis  sessilibns 

^^^iofngo-ellipticifl  obtusis  saepe  emarginatis  integris  reyolutis;  pani- 

^^^^  pancifloris  breyiter  pedancnlatis  foliis  breyioribns,  pedicellis 

^^bns  floribns  breyioribns ;  capsnlis  trigono-oyoideis  sessilibns. 

Socotray  tertia  species  noya  arboris  balsamifinse  qnss  in  montibns 
^ulae  crescit.     B.C.S.  No.  466.     Schweinf.  No.  530. 

25.  Balsamodindbon  Soootbanum,  Half.  JU. :  arbnscula  ramis 
^tainis  pnbescentibns,  interdnm  spinosis;  foliis  5^10  y.   plnribns 


i 


506  Proceedmgs  of  the  Boyal  Society 

ad  apices  ramomm  lateralium  brevium  fasciculatds,  plenimqae 
1-foliolatis  rariuB  3,  petiolatis,  foliolis  oblongis  y.  oblongo-ellipticis 
V.  fiuboboYatis  obtosis  integris  undulatis  v.  rariuB  ad  apicem  vix 
dentatifl,  submembranaceis,  pellucido-venulosis;  inflorescentia  sessili 
1-3-flora;  floribus  sessilibus  minutis;  staminibus  4  basi  difld 
magni  albi  undulati  insertis,  antheiis  ellipticis. 

Nom.  vern.  Logahem. 

Socotra,  abundans.     6.C.S.  Nos.  252,  256.     Schweinf.  No.  514. 

26.  Balsamodendron  pabvifolium,  Balf.fil. :  arboiea  ramis  oltimis 
subpuborulis  nonnunquam  spinescentibus ;  foliis  puberolis  impari- 
pinnatdB  ad  ramos  laterales  contractos  fascicolatis  3-7  foliolatis, 
rbachi  inter  foliola  subalata,  foliolis  sessilibus  oppositis  v.  sub- 
oppositis  eUipticis  obtusis  plants  integris  venulosis;  floribus  sessilibus 
prsecocibus ;  staminibus  4  ad  marginem  disci  scutellif ormis  depressi 
brunnei  insertis,  anthens  oblongis. 

SoGotra,  in  campis.     B.C.S.  No.  656. 


27.  Balsahodbndbon  Planifbons,  Schweinf. :  arbuscula  inei 
ramis  densis  borizontaliter  expansis  juvenilibus  dense  tomentosis;^ 
foliis  breviter  petiolatis,  imbricato-pinnatis  ad  apices  ramorum  later- ^ 
alium  brevium  confertis,  foliolis  5-10-jugi8  subsequalibus  ellipticii 
v.  ovatis  obtusis  late  revolutis,  bullosis;  floribus  prsBCOcibus  solii 
tariis  v.   binis,  sessilibus    minutis;    staminibus  4  disd  maigi] 
4-lobati  insidentibus,  antheris  oblongo-cordatis;  fructu  oblongo-acut 
glaberrimo,  apiculato. 

'  Socotra,  arbuscula  rara.     B.G.S.  No.  709.     Schweinf.  Na  67        Z« 
Hunter,  No.  IIL 

AMPELEDEiE. 

28.  YiTis  BUBAPHTLLA,  Bolf,  fiL :  dumetosa  densa,  lamolis  c(^~ 
planatis  ad  nodos  contractis  nonalatis  camosis ;  foliis  paucis  ix 
subspathulatis   v.   oblanceolatis   in  petiolum    attenuatis,   glab^^^ 
camosLB,    mox    deciduis;    cymis    brevibus    umbellatim   zuno^Kas; 
pedicellis  tenuibus ;  floribus  tetrameris ;  fructu  conico  yiridi 

Nom.  vera  Atarha 

Socotra,  in  campis  calcareis  prope  Gollonsir  abundaoSi    &C»^ 
No.  81.     Schweinf.  No.  244. 
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29.  ViTis  PANiouLATA,  Bolf,  fil,  I  late  scandens,  caulibus  angusto 

£i.1ati8,  juvenilibiiB  quadrangulatis  carnosis;  foliis  magnis  breviter 

jpalmatim  3-5  lobatis  basi  cordatis,  late  creaatis,  camosulis,  glabris ; 

c^jrmis    sabambellatim  paniculatis;    pedicellis    tenuibos;    floribus 

-fcetrameriB;  fimctu  conico  nigrescente. 

Norn.  vem.  Atarha. 

Socotra,  in  locis  umbrosis  inter  arbusculas   in    declivitatibus 
ontium  fiequena    B.C.S.  No.  413.     Schweinf.  No.  510. 

SAPINDACE^ 

30.  Allophtllus  (Sohmidelia)  rhusiphtllus,  Balf.  fit, :  arboiea 
-ms  minuflve  pubescensj  foliis  trifoliolatis,  foliolis    obovatis   v. 

longo-obovatis  v.  oblongo-ellipticis,   obtusis  v.  omarginatis,  basi 
revolntis.sinuato-crenatis,  subtus  petiolisque  pubesccntibus ; 
densis  foliis  subsequilongis ;  pedicellis  floribus  irregularibus 
longioribus  ;  petalis  staminibusque  declinatis. 
^om.  yem.  Zirkin. 

Socot^^  ubique  freqaen&     6.C.S.  Nos.  247,  248, 421.    Schweinf. 
413,  474. 

ANACAEDIACEiEl 

31.  liBJJSTBTBaiFLOR^Balf.fil. :  arborea,  glabra;  foliis  trifoliolatis 
•   xuif oliolatis,  foliolis  oblongis,  v.  oblongo-ollipticis  v.  oblongo-obova- 
^    obtusis,  integris,  v.  obscure  sinuato-lobatis,   pcrspicuo  reticu- 
inflorescentia  thyrsoidea,  ramosissima ;  pedicellis  subtilibus 
^^i^bus  longioribus ;  sepalis  petalis  multo  brevioribus ;  disco  piano, 
^  "^cure  crenato. 

^^om.  Yulg.  Zoref . 

Sccotra,  frequens  in  declivitatibus  montium.    B.G.S.  No.  369. 
^^^ureinl  Noe.  480,  736. 

^2.  Odika  ornipolia,  Balf.  JU. :  arborea,  ramis  pubescenti-velu- 

i;  foliis  magnis  5-7  foliolatis,  foliolis  ovatis  obliquis  subcuspidatis 

^^^Biiibus  V.  subsessilibus,  pilis  simplicibus  velutinis;  racemis  vix 

^^Hiosis  axillaribus  in  fructu  foliis  sequilongis  velutinis,  pedicellis 

^»«vibus;    calyce    4-partito  persistente;  fructu  globoso  velutino- 

TOLXL  3  T 
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Nom.  vem.  Uksha. 

Socotra,  species  fraxinoidea  qtue  per  monies  onmeB  inAulae 
B.C.8.  Na  276.     Schweinf.  No.  501 

33.  Odina  asplbnifolia,  Bdlf,  fil. :  arboiea,  ramis  glabris  intor>  *^k:4I 
dum  spinosis ;  foliis  parvis  13-21-foliolati8,  ad  apices  ramuloniiizi.Krx3] 
lateialium  abbreviatorum  conferiis,  rhachi  alata ;  foliolis  subrhom  mzsKim 
boideis  y.  obcuneatis  v.  subobovatis  apice  dentatis  v.  subintegrLf^-^rii 
sessilibus  v.  subsessilibus  sursum  sensim  minoribus,  glabris,  glauds  .^^lJs  , 
lacemis  tenuibus  axillaribus. 

Socotra,  species  gummifera  in  montibus  frequens.    B.C.S.  Na  71i^  ^0. 

LEGUMINOSiE. 

34.  Cbotolabia  btriguloba,  Balf,  fit. :  omnino  strigulosa  raii  —  iiis 
elongatis  tenuibus  prostratis  ;  foliis  unifoliolatis,  angustis  linearil  ^r-  ~>U8 
y.  latis  et  ellipticis  y.  oblongo-ellipticis  subsessilibus ;  stipulis  seiif^^'^or 
mibus ;  racemis  terminalibus  elongatis,  oppositifoliis,  pedicellis  bie  ^^evi- 
bus;    calycis  lobis  tubo  longioribus;  corolla   ezserta;   l^gom^BoDe 
oblongo  breyiter  exserto  pubescente  6-spermo. 

r    Socotra,  in  campis  ubique  crescit    B.C.S.  Nos.  72,  663.    SchweL n^ 

Nos.  656,  721. 


35.  Crotolaria  dubia,  Balf.JU, :  omnino  strigulosa  ramis  tenuT 
copiosis    late   patentibus;    foliis    petiolatis   palmatim  trifoliol^B>^ 
foliolis  sessilibus  terminali  longissimo,  lincari-lanceolatis  et  ad  ior^oau 
oboyatas  yariantibus,  acuminatis  y.  mucronulatis ;  stipulis  subuE^v 
minutis ;    racemis    elongatis    oppositifoliis    paucifloris,     pedie^^-^Itf 
capillaribus  breyibus ;    calycis  lobis    tubo    quadruplo-longiori1:>'^; 
corolla  longe  exserta ;  legumine  oblongo,  submembranaceo,  yenul^'^ 
pubescente  12-spermo. 

Socotra,   in    campis    cum    priore   frequens.      Species  affinit^^ 
dubise,  an  hujus  generis.     B.C.S.  No.  149.     Scbwein£  Na  73& 
Distrib.  Aden. 

36.  Crotolaria  pteropoda,  Balf,  fil :  herba  procumbens  Berioeo- 
cancscens;  foliis  petiolatis  alteme  digitatim  trifoliolatis,  txi^ 
ellipticis  y.  oboyatis  obtusis  ssBpe  mucronulatis;  stipolia  obsoWtfi 
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oribns  solitariis  oppositif oliis  j  pedicellia  tetraquetris  crebris  3  caJyce 
Habiato  corolla  longiore,  labio  superiore  profunde  bifido,  inferiore 
ifido ;  coicUffi  petalis  vexillum  excedentibus ;  legumine  tumido 
abescente  polyspermo. 
Socotray  species  dubie  ad  Crotalariam  adscripta,  B.C.S.  No.  180. 

37.  Priotropis  Sogotrana,  Balf.  fil, :  fruticoea ;  foliis  taifoKo- 
ktis,  foliolis  oblongo-ellipticis  obtusis,  emarginatid,  brevissime 
dtiolatis,  sapra  glabris,  infra  strigalosis ;  pedicellis  brevibns ;  lega- 
one  longe  stipitato,  longitudine  dimidio  latitudinem  ezcedente, 
abescente,  2-6permo. 

Socotra,  in  declivitatibus  montium.  6.C.S.  No.  688.  Scbweinf. 
(0.  645.  ^ 

38.  Trioonklla  falcata,  BcUf.  fil.:  annua;  foliis  trifoliolatis, 
oliolis  obovato-cuneatis,  terminali  longe  petiolato;  stipulis  semi- 
fkgittatis  infra  incisis;  inflorescentia  capitato-racemosa,  2-5-flora, 
bliis  breviore ;  calycis  laciniis  linearibus  tubo  multobrevioribos ; 
itylo  ovario  multobreviore;  legumine  falcato,  longo,  tenui 

Socotra,  in  locis  arenosis.     B.C.S.  No.  665. 

39.  Lotus  (Ononidium)  Ononopsis,  Balf,  fil, :  diffusa,  fere  omnino 
glabia,  subcrassa;  foliis  subsessilibus  trifoliolatis;  foliolis  lanceolatis 
^  ad  formas  suborbiculares  variantibus,  cxstipulatis ;  floribus 
P^cellatis  solitariis  axillaribus;  calycis  lobis  subaDqualibus ;  corolla 
^^Kita;  stigmate  capitato;  legumine  lineari,  glabro,  8'12-spermo. 

Bocotra,  in  montibus  altioribus.  B.C.S.  No&  400,  491. 
Schweinf.  No.  555. 

iO.  Lotus  (Ononidium)  mollis,  Balf,  fil. :  diffusa,  cana,  dense 
^^'igosa;  foliis  sessilibus,  trifoliolatis,  foliolis  oblanceolatis  v.  obcu- 
^tia,  exstipulatis ;  floribus  sessilibus  v.  subsessilibus,  solitariis, 
^^iUaribus;  calycis  lobis  subsequalibus ;  corolla  longe  exserta;  stigmate 
^pitato ;  legumine  lineari,  glabro,  S-spermo. 

Socotia,  in  rupibus  calcareis  prope  Qollonsir.     B.C.S.  No.  670. 

^1.  Indioofera  nephrocarpa,  Balf,  fil,:  depressa,   canesccns, 
'^i&osiBsima,  ramis  humi^isis ;  foliis  altemo  trifoliolatis,  petiolatis. 
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strigosis;  stipulis  inconspicuis ;  lacemis  paudfloris,  subseBBilfl 

V.   filifonne  pedunculatiB ;   legomine  minuto  1-flpenno  ienifonnfi.flKzau 

stiigoso ;  stylo  persistente. 

Socotra,   in  campis  arenosis   frequens.     B.C.S.  No&  85|  10#^ 
Schweinf.  No.  237. 


42.  Indioofbra  leptogabpa,  Hoehst.  et  Steud.  in  Herb. 
Schimp.  No.  778  {nom.  sol):  herba  lignosa  prorsus  strigoea,  ba  mmwi 
lamosa ;  ramis  decumbentibus;  foliis  digitatdm-trifoliolatisy  breyift^  tet 
petiolatis;  stipulis  minutis ;  racemis  elongatis  multifloiis,  rhac^Hchi 
basi  nuda,  pedicellis  brovibus ;  legumine  longo,  polyspeimo. 

Socotra,  in  campis  calcareis  apud  Tamarida  sed  infrequens.    RC        .8. 
No.  674.     Schweinf.  No.  389. 
Distrib.  Arabia. 

43.  Indioofbra  mabmoratAi  Balf.  fiL :  soffirutex,  aigenteo^:aK=36s- 
cens;   ramis  complanatis ;   foliis  alteme   trifoliolatis  v.  piiim  i  fi^f 
petiolatis ;  foliolis  3-7  tcrminali  maximo,  oblanceolatis  v.  obovr^i  tiffj 
supra  marmorato-strigosis ;  stipuHs  obliquis  subfimbriatiB ;  rac^^^nu 
brevibus,  axiUaribus,  paucifloris ;  floribus  secundis ;  legumine  l^^W 
subtetraquetrOy  rostrato,  bispermo. 

Nom.  vem.  Sidere. 

i 

Socotra,    in  clivis   elevatis  montium   rara.      B.C.S.   Na    37(1 
Schweinl  No.  503. 

44.  Taverniera  serigophtlla,  BcU/.JU,:  suf&uticoBay  aigaDtao- 
sericea ;  foliis  alteme  trifoliolatis  dense  sericeis ;  foliolis  ellipticis; 
stipulis  niagnis  late  amplexicaulibus  non-scariosis. 

Socotra,  in  locis  littoralibus  arenosis  apud  GoUonair  atque  Eadltf^ 
B.C.S.  Noa  103,  338. 

Arthrooarpuh,  Balf.  fil. 

Calycis  decidui  tubus  brevis  angustus  supra  ovarium  conni^*^ 
lobi   in  labia   2   aequilongia  dispositi,    superior  4-dentatii8  1^' 
inferior  integer  angustior.     Vexillum  orbiculatum,  unguicuW*^' 
alaB  oblique  oblongse ;  carina  angusta,  incurva,  obtusa,  altf  '^ 
asquans,  petalis  vix  cohssrentibus.     Stamina  omnia  in  vagiDan'^V* 
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Q  oonnata ;  anthersB  nnifonnea.  Ovarimn  8e88ile  oo  -ovnlatnm ; 
8  filifonnis,  longissimtui,  leviter  corvatosj  stigmate  minnto, 
inalL  Legamen  compressuin  sericeo-pubescens,  ariiculis  snb- 
dcis  atrinqne  alatds  et  bi-tarmervoso-angulatiB  lignosiB,  endo- 
o  spongioeo.  Semina  anguste  oboYoidea,  strophiolata. — Arbor 
ft.  Eolia  imparipinnata  foliolis  paucis  exstipellatis.  Stdpulffi 
Btentea  Flores  flavi  axillares,  solitarii  v.  rarius  cymose- 
rL  Involacmm  4-bracteolatum  per8i8ten& 
mns  monotypicum  habita  et  characteribuB  generalibiis  Ormo- 
7  accodena. 

L  A.  6baoilB|  BcUf,  fit.:  species  unica  montes  SocotrsB 
ans.    B.C.S..NO.  368,  449.    Schweinl  No.  511. 

I.  Obm OGABPUM  cjBEinLEUM,  Bolf.  fil,  I  f futicosmn,  ramis  angulosis ; 
i  imparipiimatis  subsessilibus,  f oliolis  5-7  crassis,  obtusis,  glabris 
io  subtus  porphyreo  puberolo  excepto;  stipulis  sublanceolatis 
kis;  lacemis  brevibus  paucifloris,  pedicellis  tenuibns  sub  florcm 
icteolatis;  calyce  glabro;  corolla  cffiralea;  legumine  brevi, 
60,  glabro. 

Dcotra,  fnitex  frequeDS.  B.C.S.  Nos.  80,  98,  293,  485. 
reinl  Nos.  375,  498. 

'.  DiOHBOSTACHTS  DBHI80ENB,  BoIf.  fil.'.  fruticosus ;  ramulis 
iqne  juvenilibus  pubescenti-hirtis ;  pinnis  2-5-jugis  glandtdis 
tatis,  foliolis  8-15  jugis  oblongis  obliquis  ;  spicis  cylindraceis ; 
[nine  ^  poll,  lato  dehiscente,  valvis  recurvis. 
}cotia,  apud  Tamarida  non  in&equens.  RC.S.  No.  365. 
ireinf.  689. 

3.  AoAOiA  SoGOTRANA,  Bolf.  fil.  \  Bufiruticosa,  glabrescens ; 
is  primum  tomentosis  rectisque,  demmn  albidis  glabris  apice- 
leute  recurvis,  foliis  sequilongis;  pinnis  7-8  jugis,  foliolis 
20  jugis  parvis  oblongis  obtusis;  involucello  infra  medium 
Qncoli  persistente;  legumine  stipitato  foliis  duplolongiore,  vix 
ro,  marginibus  planis,  valvis  velutinls  nervosls  lignosis. 
^tra,  in  campis  arenosis  apud  littus  frequens.  B.C.S.  No. 
.    Schweinf.  No.  260. 
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CUCUEBlTACEiE. 

Dbndbosiotob,  Balf.  fiL 

dioB  monoicL  FL  $  paniculati  Galycis  tuboB  infundibuli- 
ifli  dentibus  5  patentibaa  sabulatds  integri&  Corolla  ia  fauce 
is  inseita  ad  basin '  5-paitita  Begmentis  laoceolatds  int^ria. 
ina  3  ori  calycis  inserta  corolla  adnata  filamentLs  liberis; 
srs  arcie  cohsorentes,  una  l-loculaiis,  cetene  2-loculaie8,  loculis 
ly  connectivo  nonpioducto.  Ovarii  mdimentom  0.  EL  $  .  .  . 
r  parvus  tninco  magno  atque  ramis  paucis  ad  apicem  fascicu- 
Folia  palmatim  5-lobata  v.  partita,  aculeata,  scabtida. 
d  Ol    flores  i  magni  straminei 

mus  anomalum  ab  omnibus  notis  generibus  habitu  arboreo 
niter  differi. 

'.  D.  SoGOTBANA,  Bol/fil.  I  ubique  per  campos  Socotne  crescens. 
3.  No.  210.    Schweinf.  No.  243. 

UMBELUFERJE. 

NmARATHAMNOS,   BcUf.  fil, 

dyciB  dontes  minuti,  acutL  Fetala  lata  acumine  longo  bifido 
plicato,  ob  costam  impressam  emarginata.  Discus  margino 
renato  cum  stylopodiis  conicis  confluens ;  styli  breves.  Fructus 
ieus  utrinque  ad  commissuram  angustam  constrictus ;  car- 
5-gona ;  juga  primaria  prominula,  subsequalia,  ezalata ; 
)  ad  valleculas  solitarise.  Carpophorum  bipartitum.  Semen 
teres,  ad  vittas  sulcatum,  facie  leviter  concavum. — Sufrutex 
■sua,  rigidus,  glaberrimus,  axomaticus.  Folia  rotundata,  maigine 
uta,  crenata,  reticulato-venosa.  Umbelke  compositse  paud- 
.ta.  Involucri  et  involucellorum  bractese  subfoliace®  persis- 
8  ladiantes.  Flores  albo-virentes,  pedicellatL 
snus  Bupleuro  maximo  affine  sed  forma  petalorum,  stylopodiis 
as,  et  fructu  noncompresso  differt. 

L  N.  ASABiFouus,  BcUf.  fit. :  Socotrse  incola.     B.C.S.  No.  440. 
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55.  Caruh  (Traohtsperhuh)  puipinelloidbs,  Bcdf  fiLi  herba 
glabrescens  diffusa  parva ;  foliis  petiolatis  tripartitis,  segmentis  in 
lacinias  knceolatas  acutas  1-2-trifidis  glabrescentibns,  vagina  petioli 
ciliata;  umbellis  breviter  pedunculatis,  oppositifoliis  6-7-radiati& 
bracteis  4-6  radiis  sequilongis  subulatis  sparse  puberalis,  pedicellii 
5-7  validis,  angulosis,  bracteolis  brevioribus;  petalis  dliatis  acumiiic 
bifido ;  fructu  oblongo  v.  suborbicolari,  jugis  prominnlis,  glabiis  y. 
hispidis,  comnusura  multo  constricta;  stylopodo  conico. 

Socotra,  in  littore  inter  Eadhab  atque  Tamarida.    RC.S.  I9a  367. 

56.  Cabum  (Traohtspbbhum)  oaloioolum,  Balf.  fil. :  herbs 
glabrescens  nuda  erecta  bipartim  ramosa,  canlibus  angulosis ;  folii 
basalibus  longe  petiolatis  in  lacinias  longas  lineares  tripartitis  y.  bitr 
partitis,  superioribus  filiformibus  sessilibus;  umbellis  longe  pedoa 
culatiB  oppositifoliis  sparse  puberulis  2-4-radiati8,  radiis  capillaribw 
bracteis  2-4  multo  longioribus,  pedicellis  8-12  tenoibus  bracteoC 
brevioribus ;  petalis  ciliatis  acumine  integro ;  fructu  oyoideo,  ju^ 
nonprominulis  hispidis,  commissura  non  multo  constricta ;  stylopos 
conico. 

Socotra,  in  campis  calcareis  littoralibus  commune.  RC.S.  C 
190. 

57.  Pbucedanuh  gordatuh,  BcdffiL  :  glabrum,  annuum,  erectms 
caule  tereti  striato ;  foliis  bipinnatisectis,  segmentis  latis  planis  pit 
umque  sessilibus  palmatim  trifidis,  laciniis  acute  dentatis  y.  subiiLoia 
basi  subcordatis  v.  ssepe  subcuneatis,  membranaceis;  inyolucris  invofo- 
cellisquc  polyphyllis;  umbellis  primariis  10-20-,  secundariifl  &-l^ 
radiatis ;  fructu  pedicello  breviore,  elliptico,  basi  alteHX)rdato,  vittw 
vallecularibus  solitariis,  comnussuralibus  binis  approxinuitis,  alv 
f  ructui  SBquilatis. 

Socotra,  in  montibus  abundanter  cresc6n&     RC.S.  Na  SW 
Schweinf.  No.  572. 


BUSINESS. 

Mr.  Alexander  Leslie,  M.  Inst  C.K,  Mr.  J.  S.  Mackay,  JtA, 
and  Dr.  Henry  Barnes,  wore  balloted  for,  and  declared  duly  eW» 
Fellows  of  the  Society. 
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Monday,  20th  February  1882, 

Pbofessob  MACLAGAN,  M.P„  Vice-President, 

in  the  Gbair. 

The  following  Communications  were  read  :•— 

1-   On  a  Specimen  of  Balamoptera  horealis  or  laticeps  captured 
in  the  Firth  of  Forth.    By  Professor  Turner. 

In  September  1872  a  whale  of  soma  magnitude  was  seen  flouur 

dering  in  shallow  water  at  Snab,  Kinneil,  about  a  mile  from  Bo'ness, 

^^  the  Firth  of  Forth,     Some  men  proceeded  to  the  spot  and  fast- 

enii^  a  rope  round  its  tail,  hauled  it  closer  to  the  shore,  and  then 

billed  it     I  was  not  at  home  at  the  time,  but  on  reading  a  notice 

^f  its  capture  in  the  Scotsman  of  September  26,  I  wrote  to  my 

^^^tant,  the  late  Mr  A.  B,  Stirling,  to  go  and  see  the  animaL     He 

sported  to  me  that  it  was  a  whalebone  whale,  ribbed  and  grooved 

^^  the  belly,  and  he  was  able  to  make  the  following  notes  on  its 

^lour  and  dimensions  : — 

Ihe  animal  was  black  on  the  back  of  the  head  and  body  and 

^^rsxun  of  the  taiL     The  belly  was  pinkish  white,  with  a  shade  of 

^^Uow,  from  chin  to  anus.     Behind  the  anus  it  was  patched  with 

^^te  to  three  feet  from  the  tail     Behind  this  again  the  colour 

^^ried  from  lead  grey  to  black,  and  the  under  as  well  as  the  upper 

^^^'fatce  of  the  tail  was  black.     The  breadth  of  the  dorsum  of  the 

^^  at  the  tip  of  the  upper  lip  was  2  inches ;  one  foot  further  back 

^^  Was  9  inches;  two  feet  back  18  inches;  and  at  the  blowholes, 

^  ^^t    The  dorsal  fin  had  a  falcate  posterior  border,  and  its  long 
▼ou  XL  3  u 
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diameter  along  the  anterior  border  to  the  tip  was  1  foot  8  inches, 
whilst  its  height  was  1 1  inches.  The  flipper,  when  disarticulated 
at  the  shoulder,  was  4  feet  10  inches  in  length.  The  breadth  of  the 
tail  was  8  feet  8  inches  :  its  anterior  border  was  convex,  its  posterior 
border  festooned.  From  the  root  of  the  tail  to  the  mesial  notch  was 
2  feet  5  inches,  and  the  depth  of  the  notch  was  5  inches.  The  lower 
jaw  projected  both  in  front  of  and  to  the  sides  of  the  upper  jaw. 
The  length  of  the  animal,  from  the  tip  of  the  beak  to  the  end  of  the 
taO,  was  about  37  feet,  and  the  girth  round  the  belly  about  15  feet 

The  whale  was  taken  possession  of  by  the  Custom  House  officials, 
and  was  then  sold  by  public  auction. 

When  I  saw  it  a  few  days  afterwards  the  blubber  and  baleen  ha( 
been  removed  from  the  animal.     The  baleen  consisted  of  numeroi 
plates,  the  biggest  of  which  were  about  1  foot  3  inches  in  length  au( 
about  6  inches  wide.    They  were  black,  striped  with  grey  and  Trhitir — -^ 
and  the  hairs  projecting  from  the  lower  free  border  were  greyish- whit 

The  fluted  state  of  the  belly  and  the  presence  of  a  dorsal 
proved  it  to  be  one  of  the  Bahenopteridse,  or  Finner  whales.     It  ws 
evident,  both  from  the  colour  of  the  whalebone  and  the  shape 
the  upper  jaw,  the  lateral  borders  of  which  were  straight,  that  C^Ki.e 
animal  was  not  the  BalcBnoptera  sibbaldti,  a  magnificent  example        of 
which  had  been  stranded  at  Longniddry  only  three  years  beforg=^.'* 
Its  size  and  the  colour  of  its  baleen  distinguished  it  also  from  fc^Tie 
lesser  piked  whale,  Balcenoptera  rostraia.    The  absence  of  yellow  -m^ 
and  greenish  tints  in  the  plates  of  the  whalebone  threw  some  doK::vl>^ 
on  its  being  Balamoptera  mti^ulus,  but  I  was  not  in  a  position,     i^ 
the  condition  the  animal  then  was,  to  discriminate  between  Btm-M^^ 
noptera  muscidtis  and  B,  boj'ealvt,     1  decided,  therefore,  to  boy  '^^^ 
carcass,  and  to  have  the  skeleton  prepared  for  the  AnatomS.^^ 
Museum  of  the  University.     Accordingly  men  were  engaged     ^ 
take  the  flesh  ofif  the  bones,  and  to  separate  it  into  pieces  of  €^^^ 
▼enient  size  for  transport  into  Edinburgh.     I  regret  to  say  thai  ^^ 
sternum  and  pelvic  bones  were  lost  amidst  the  masses  of  flesh,  ^^ 
eonld  not  be  recovered;   but  with  these  exceptions,  and  tha&   ^ 
a  carpal  bone,  some  of  the  smallest  phalanges,  and  perhaps  <m^  ^ 
two  chevrons,  the  skeleton  is,  I  believe,  perfect.     As  the  bones  ^' 
the  large  cetacea  are,  from  the  quantity  of  oil  which  they  oont*^ 

*  See  my  account  of  this  animal  in  Trans,  Bo}f,  Soc  EdinL,  l%7%  voLxxri' 
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difiicult  to  clean,  I  obtained  permission  from  my  colleague,  Professor 
Balfour,  to  bury  them  in  the  Botanic  Gardens  in  a  mixture  of  leaves 
and  earth.  They  remained  there  until  the  summer  of  last  year, 
when  they  were  disinterred,  clean  and  free  from  grease  and  smell. 
The  examination  which  I  have  subsequently  made  of  the  skeleton 
has  satisfied  me  that  the  animal  was  the  cetacean  named  by  zoo- 
logists Baiamoptera  borealis  or  laticeps. 

The  only  specimen  captured  in  the  British  seas,  which  has  been 
referred  to  this  species  by  some  zoologists,  is  one  stranded  at  Char- 
nouth,  Dorsetshire,  in  1840.     From  the  colour  of  its  baleen  and 
the  number  of  its  vertebrae  (60),  it  was  much  more  likely  to  have 
^een  BaUenoptera  musctdtts.      But  as  the  skeleton  has  not  been 
Preserved,   its  identification  is  now   rendered  difficult      As  no 
P^perly  authenticated  specimen  of  B.  borealis  had  therefore  pre- 
viously been  captured  in  the  seas  of  our  islands,  I  have  the  satisfac- 
tion of  adding  this  mammal  to  the  British  Fauna. 

In  the  Museum  of  the  Royal  College  of  Surgeons  of  England  are 

*ome  vertebrse  and  other  bones  of  this  species,  but  nothing  is  known 

^^  their  history.     In  the  University  Museum,  Cambridge,  are  the 

^^uU  and  one  scapula  of  a  whale  cast  ashore  on  the  island  of  Islay, 

1 866,  which  Professor  Van  Beneden  referred  at  one  time  to  this 

♦     Mr.  J.  W.  Clark  has,  however,  pointed  outf  that  it  is  the 

^^Till  of  a  very  fine  Baiamoptera  rostrata,  and  Professor  Flower  tells 

**^^  that  he  is  of  the  same  opinion.    Skeletons  of  B,  borealis  are  pre- 

®^^ved  in  the  Museums  at  Leyden,  Berlin,  Bergen,  Brussels,  and 

"^^yonne.    The  Leyden  specimen  was  taken  in  1 81 1 ,  near  to  Moniken 

^^  in  the  Zuider  Zee,  and  the  characters  of  the  skeleton  have 

^^en  given  by  Professor  Flower.  J    The  Berlin  specimen,  figured  and 

'l^Bcribed  by  Eudolphi,§  was  taken  in  1819  on  the  coast  of  Holstein, 

^^  to  Gromitz.     Two  skeletons  are  at  Bergen,  the  one  was  de- 

^^bed  by  LiUjeborg,||   from  a  young  animal  captured  on   the 

^^Wegian  coast ;  the  other  came  from  the  Lofibden  Islands,1I  and 

^  OtUographU  ds8  Citads,  p.  202. 

T  Sq^  reference  in  The  Fauna  of  Scotland^  "  Mammalia,"  by  £.  R.  Alston, 
./*^w,  1870.     Also,  in  a  letter  to  myself,  in  reply  to  a  communication  on 
^  *Uliject  X  Proc  Zool,  Soe.  LancUm,  Nov.  8,  1864. 

1  Budolphi  named  this  animal  Balcma  rostrata.     Ahhand,  der  Akad,  der 
*^»*eiwcA.  zu  Berlin,  1820,  1821. 

^TniDslation  of  Lilljeborg's  Memoir  on  the  Scandinavian  Cetaeea^  in  publi<* 
^^ns  of  Bay  Society.  %  OaUographie  dea  CStaei$,  p.  201. 
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has  apparently  not  jet  been  degcribecL  The  Brussels  skeleton  wti>  ^m^^A 
obtained  by  Eschricht  from  the  North  Cape,  and  has  been  describec^^^ied 
by  Van  Beneden.  *  The  skeleton  in  the  Museum  at  Bayonne  ii-f  i 
a  young  male  specimen,  which  M.  P.  Fischer  states  was  skanded  nea^^K.^^^ 
Biarritz  in  July  1874.  f  The  animal  was  7*83  metres  long  (abouKLv«=)u 
26  feet).  B,  borealis  is  therefore  a  denizen  of  the  North  AtlantiK^^^^tii 
Ocean.} 

It  is  not  my  intention  on  this  occasion  to  enter  in  detail  into  ttC\^be 
description  of  the  skeleton  of  this  whale  stranded  near  Bo'ness,  but     <2^t  it 
will  be  necessary  to  refer  to  such  points  in  its  anatomy  as  will  gi^^v^Ve 
certainty  to  the  identification  of  the  species.     The  bones  of  thzCJiis 
animal  were  less  massive,  smoother  on  their  surface,  and  less  poro^dsous 
than  the  bones  of  either  B,  musculus  or  B.  dbhaldiL    The  veitebE-^KDnl 
plates  were  not  anchylosed  to  their  respectiire  bodies,  and 
epiphyses  of  the  radius,  ulna,  and  humerus  were  not  united  to 
shafts  of  their  respective  bones. 

The  entire  length  of  the  skull  and  spine  was  35  feet  2^  in< 
viz.,  the  skull,  8  feet  1^  inches ;  the  spine,  without  the  intervei 
bral  discs,   26  feet  7  inches.     If  to  this  be  added  2  feet  for     '^he 
probable  thickness  of  the  intervertebral  discs,  and  8  or  10  itus-liM 
for  the  projection  of  the  lower  jaw  beyond  the  upper  and     ^he 
thickness  of  the  skin,  the  length  of  the  animal  would  have 
about  38  feet,  which  closely  approximates  with  what  was  repo: 

*  (kUographie  det  Citaeis,  p.  802. 

t  CompUa  Rendui,  27th  jyec,  1876,  pi  1298,  yoL  IxxxiiL;  and /^mrn^^   ^ 
Zoologu,  vol  V.  p.  462,  1S76. 

X  In  Nature,  12th  Oct.  1876,  is  a  reference  to  the  SchrifUnder  naturj 
deti  QeaelUduxfl  in  Dantzig,  which  contains  photographs  of  the  sfceletoD 
whale,  said  to  be  Pterobaksiui  IcUicepB  (Gray),  stranded  in  Dantzig  Bay  in  ^^  }* 
but  as  I  have  not  been  able  to  obtain  a  copy  of  the  Dantzig  publication,  can  ^x^^^ 
no  further  reference  to  it     I  observe  that  in  the  Ardiiv  fUr  Natwr^eKh^^^^ 
1875,  41st  jear,  third  part,  p.  3d8,  is  an  elaborate  descriptioii,  by  VtQi€^^^^ 
Zaddach  of  Konigsberg,  of  a  female  fin  whak,  stranded  in  Aii^guat  ^^^ 
between  Neufahrwasser,  the  harbour  of  Dantzig,  and  the  village  of  Heal'^^ 
He  names  it  Balcenoptera  musctUuA,     Its  veitebral  formula  is  CfDiJbiMp^ 
—  60,  and  the  baleen  is  described  as  yellow  like  horn,  with  bluish-gro^^ 
blackish  spots  at  the  outer  border.     Its  length  was  10*^  metres  (about  9^  ^'y 
English).     Professor  Zaddach  states  that  he  does  not  give  a  detailed  dei^^ 
tion  of  the  skeleton,  as  the  Dantzig  Society  of  Natural  Histoiy  had  dedd^B  *^ 
publish  a  description  of  it,  with  drawings  and  photographs,  in  their  Sekfifl^ 
from  the  pen  of  Professor  Menge.     Can  this  be  the  specimen  refened  t»  ^ 
Nature  t    The  colour  of  the  baleen  and  the  vertebral  formula  (probably  ^ 
last  two  caudals  had  not  been  oesified  and  preserved)  diow  ite  dbity  ^ 
B,  MUBculus  rather  than  to  B.  latieepa. 
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its  length  before  being  flensed.     Although  the  condition  of  the 

epiphyses  preyed  that  the  animal  had  not  readied  adult  life,  or 

probably  attained  its  full  dimensions,  yet  this  skeleton  is  larger  and 

more  advanced  in  its  ossification  than  the  other  skeletons  which 

have  been  described.     The  Lejden  specimen  is  said  to  have  been 

32  feet  long;  and  Professor  Flower  gives  its  skeleton  as  29  feet 

7  incbes;,  without  the  intervertebral  discs,  for  the  thickness  of  which 

an  additional  2  feet  should  be  allowed.      Professor  Kudolphi  states 

that  the  Berlin  skeleton  is  31  feet  1  inch  Rhenish  measurement. 

The  young  skeleton  in  Bergen  described  by  LiQjeborg  is  30  feet  2 

incbee ;  and  Professor  Van  Beneden  names  32  foet  as  the  length  of 

the  specimen  in  the  Brussels  Museum.    From  these  measurements,  M. 

Yan  Beneden  concludes  that  this  species  of  whale  does  not  appear  to 

exceed  35  feet  in  length.     But  the  dimensions  of  the  specimen  now 

before  ua,  which  is  obviously  not  an  adult,  would  lead  one  to  say 

that  this  animal  may  attain  a  length  of   40  feet,  or  even  more. 

Whilst  larger  than  B,  rosirata,  it  is  considerably  smaller  than  B, 

tnusculuSf  and  still  more  than  B.  sihhaldii. 

Spine. — The  vertebrae  numbered  in  this  specimen  fifty-six  ;  and  as 
the  last  caudal  was  only  1|  inch  in  its  transverse  and  1^  in  its  antero* 
pKMterior  diameter,  it  is  probable  that  all  the  vertebrae  were  secured. 

The  formula  was  as  follows  : — 0>j'D^^^fi^2\  ="  ^^*     ^  *'^®  Leyden 

specimen  there  were  also  fifty-six  vertebrae,  the  two  last  caudals 

^ing  fused  together,  viz.,  C7D13  or  j^,  Lj^  or  ^5,  Cdj^,.     Rudolphi 

•^i^tes  that   the  Berlin  skeleton  had  fifty-four  vertebrae,  though 

■Mchricht  says  fifty-five,  and  one  was  probably  missing.     Lilljeborg 

states  that  the  young  skeleton  in  Bergen  had  fifty  five  vertebras, 

^*^,  ^I^is^i^Cdgi.     In  the  Brussels  specimen  the  terminal  caudals 

^©xe  lost,  but  the  vertebrae  present  were  C^Dj^Ljj,  and  fifteen 

^^^'^dala.     The  Bayonne  skeleton  had  only  fifty-four  vertebrae,  out 

^e  animal  was  young,  and  the  two  terminal  caudals  were  probably 

^^t  oeaified.     Fifty -six  is  probably,  therefore,  the  normal  number  of 

^^itebne,  and  of  these  fourteen  are  dorsal,  so  that  there  are  fourteen 

P**^  of  ribs,  which  is  the  number  present  in  my  specimen.     The 

^®»tebial  formula,  therefore  at  once  distinguishes  B,  borealis  from 

^®  other  species  of  the  genus ;  for  in  B.  rostrata  the  formula  is 

W*^uLjjCdj7 «» 48,  and  there  are  only  eleven  pairs  of  riba      In 

^*  niusculus  the  formula  is  C^Di^lj^^Cd^i  ~  ^^>  ^^^  there  are,  as  a 

^k,  fifteen  pairs  of  ribs.     In  B.  sibbaldii  the  vertebrae  are  sixty- 
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three  or  sixty-four,  and  the  formula  is  C7D15  or  j^,  L^^Cd^,  and 
there  are  fifteen  or  sixteen  pairs  of  ribs.  Bcdcenoptera  horealis  is, 
therefore,  intermediate  in  length,  in  the  number  of  its  vertebras  and 
of  its  ribs  to  B.  rostrata  on  the  one  hand,  and  to  B.  mtuctdtu  and 
B.  sihhaldii  on  the  other. 

The  seven  cervical  vertebrse  of  my  specimen  are  all  separate  bones, 
except  that  the  right  lateral  mass  of  the  atlas  is  anchylosed  to  the 
body  of  the  axis.  This  is  an  exceptional  arrangement  in  the  fin 
whales,  and  has  not  apparently  been  seen  in  any  of  the  other  skeletons 
of  borealie.  The  atlas  has  a  transverse  process,  short,  twisted,  and 
compressed  from  before  backwards,  and  a  median  backward-pro- 
jecting ventral  process  corresponding  with  Professor  Flower's  de- 
scription of  the  Leyden  specimen.  The  ring  is  markedly  divided 
into  an  inferior  part  for  the  rudimentary  odontoid,  and  a  superior 
rachidian  part  by  a  process  projecting  inwards  on  each  side.  This 
character  is  also  well  seen  in  the  atlas  in  the  Museum  of  the  College 
of  Surgeons,  London.  The  height  of  the  atlas  is  10|  inches  ;  that 
of  the  axis  13  inches.  The  extreme  transverse  di&meter  of  the  atlas 
is  14^  inches;  that  of  the  axis  2 If  inches.  The  axis  has  a  thick 
spine.  The  transverse  process  has  a  slender  upper  and  a  plate-like 
lower  limb,  which  unite  externally  to  form  a  broad  plate-like  process 
directed  backwards  and  outwards.  The  vertebrarterial  foramen  is 
only  If  by  2^  inches,  and  is  placed  near  the  upper  border  of  the 
process.  The  rachidian  ring  is  4^  by  3^  inches.  In  the  3rd  and 
4th  vertebree  the  vertebrarterial  foramen  is  completed  by  the  junc- 
tion externally  of  the  superior  and  inferior  limbs  of  the  transverse 
procesa  In  the  5th  vertebra  these  processes  are  separated  exte^ 
naUy  by  an  interval  of  jt  inch ;  in  the  6tb,  by  an  interval  of  1^  inch; 
in  the  7th,  whilst  the  superior  limb  is  long  and  curved  down^.^^ 
wards  and  outwards,  the  inferior  limb  is  represented  by  a  mec^ 
tubercle.  In  the  Leyden  specimen  the  vertebrarterial  foramen  la 
incompletely  bounded  in  the  2nd  to  the  7th  inclusiva  In 
the  Berlin  and  Bergen  skeletons  only  the  axis  has  the  foi&zxieQ 
completely  bounded  by  bone.  In  the  Brussels  skeleton  (miy  ilie 
axis  and  3rd  vertebrse.  The  ossification  is  therefore  mor»  ad- 
vanced in  this  region  in  my  specimen  than  in  these  other  skeletoiUL 

The  flat  surfaces  of  the  upper  transverse  processes  are  sLum)^ 
vertical ;  those  of  the  lower  transverse  process  of  the  6th  oemcai  are 
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st  borizontaL  From  the  root  of  the  lower  transverse  process 
B  4thy  5th,  and  6th  a  stout  dbnical  process  projects  forwards, 
le  dorsal  yertehrse  increased  in  magnitude  from  before  back- 
a.  The  Ist  had  a  vertical  diameter  to  the  summit  of  the 
I  of  13|  inches,  and  a  transverse,  between  the  tips  of  the 
irerse  processes,  of  19^  inches.  The  last  dorsal  had  a  vertical 
eteor  of  22|  inches^  and  a  transverse  of  30  inches.  All  the 
J  veitebrse  were  marked  by  an  articular  surface  for  a  rib  at  the 
end  of  the  transverse  process.  They  were  not  keeled  on  the 
ral  surface  of  the  body. 

le  lumbar  vertebree  wero,  as  a  rule,  somewhat  bigger  than  the 
er  dorsal,  and  reached  their  maximum  at  the  8th,  9th,  and 
.  The  9th  lumbar  had  a  vertical  diameter  of  24|  inches,  and 
unsverse  of  31  inches.  Behind  the  10th  the  transverse  and 
JOB  processes  gradually  diminished  in  their  amount  of  projection 
.hey  passed  back  into  the  caudal  region,  and  in  the  12th 
Bbra  from  the  end  of  the  tail  the  transverse  process  was  repre- 
sd  by  a  faint  ridge  on  the  side  of  the  body,  and  the  spine  was 
mentary.  In  the  9th  vertebra  from  the  end  of  the  tail  the 
e  and  lamine  had  disappeared,  and  the  neural  canal  was  repre- 
;ed  by  a  groove,  which  was  faintly  seen  on  the  two  vertebrae 
t  behind,  and  then  disappeared.  In  the  12th  vertebra  from 
end  of  the  tail  a  foramen,  directed  vertically,  was  situated  at 
root  of  the  rudimentary  transverse  process,  and  a  similar  foramen 
I  found  in  the  caudals  up  to  and  including  the  1.8th  from  the 
.  ol  the  tail  This  arrangement  closely  resembles  that  figured  by 
lolphi  in  the  Berlin  skeleton.  The  lumbars  were  all  keeled  on 
ventral  surface  of  the  body,  though,  as  a  rule,  the  keel  was 
bt  in  relation  to  the  size  of  the  bone. 

Sleven  chevron  bones  were  present  The  articulations  for  the 
vroQ  bones  began  on  the  15th  vertebra  of  the  lumbo-caudal  series 
cmting  from  the  front)  in  a  pair  of  surfaces  situated  at  the  pos- 
or  border  of  the  ventral  surface  of  the  body  of  that  vertebra ; 
I  distinct  articulations  for  these  bones  could  be  seen  as  far  back  as 
'  27th  lumbo-caudal  vertebra.  Hence  I  have  regarded  all  the 
tebrsd  behind  the  14th  lumbar  as  caudal  vertebrsB.  In  the  1st 
^  the  ventral  keel  was  very  slight,  and  a  shallow  groove  was 
■^  posteriorly  between  the  articulations  for  the  Ist  chevron  bone. 
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The  caudals  behind  the  first  were  all  grooved  on  the  ventral  sur- 
face, and  the  groove  in  many  instances  possessed  considetable  depth. 
The  spines  of  some  of  the  lumbar  and  the  more  anterior  caudals  had 
sharp  bony  outgrowths  projecting  from  the  posterior  border. 

Ribs. — ^There  were  fourteen  pairs  of  ribs.  The  Ist  was  flattened, 
and  measured  in  a  straight  line  25^  inches  on  the  left  side  and  25 
inches  on  the  right ;  the  breadth  of  the  sternal  end  of  the  1st  left 
was  4f  inche&  The  2nd  rib  was  37f  inches  long  on  the  left 
side  and  33^  inches  on  the  right  side.  The  ribs  increased  in 
length,  as  far  back  as  the  6th  rib,  which  measured  4  feet  3  inches 
in  a  straight  line;  from  the  7th  to  the  14th  they  diminished 
in  size,  and  the  last  rib  was  2  feet  3  inches  in  length;  they 
were  slender  rod-like  bones.  All  the  left  ribs  were  separate  bones, 
but  the  right  Ist  rib  was  fused  with  the  2nd  at  the  sternal  end, 
where  they  formed  a  plate  of  bone  13f  inches  broad.  The  breadth.- 
was  partly  due  to  a  broadening  of  the  sternal  end  of  the  2nd  rib, 
and  partly  to  the  formation  of  bone  in  the  1st  intercostal  space,  fo^ 
a  distance  of  6  inches  from  the  sternal  end,  which  was  fused  witbzz: 


the  borders  of  both  the  1st  and  2nd  ribs,  and,  together  with  them 
formed  the  broad  plate  above  referred  ta     On  the  3rd  and  4 
ribs  well-marked  capitular  processes  extended  from  the  verteb: 
articular  surface  towards  the  body  of  the  vertebra.     Rudimentar 
capitular  processes  were  present  on  the  2nd  and  5tb,  but  wi 
absent  on  all  the  other  rib& 

In  all  the  skeletons  of  B»  boredUs  which  have  previouslj 
described,  the  1st  rib  had  the  peculiarity  of  possessing  two  beac 
In  the  Leyden  specimen  the  cleft  which  separated  these  heads  fr 
each  other  had  a  depth  of  5  inches  (Flower)i     From  the  fig 
given  by  Hudolphi  of  this  rib  in  the  Berlin  skdeton,  it  is  proba 
that  the  cleft  had  a  similar  depthi     In  Lilljeborg's  Bergen  skelei 
the  1st  pair  are  considerably  wider  than  the  others,  with  the  up 
end  forked  or  ^*  biceps,"  and  the  lower  rather  dilated  and  mi 
wider  than  the  upper.     In  the  Brussels  skeleton,  as  figured  by 
Beneden,  one  of  the  first  ribs  has  the  same  character,  and  in 
Museum  of  the  Royal  College  of  Surgeons  of  England  are  the  first  "■"^  ^ 


of  two  individuals  of  this  species,  which  are  also  bicipital   M.  Fisd'^'' 
does  not  describe  the  skeleton  of  the  Bayonne  specimen,  but  no^^* 
that  the  spinal  end  of  the  1  st  rib  is  bicipital   M.  Van  Beneden  had  tli^ 


/ 


of  Edinlmrgh,  Session  1881-82.  523 

advantage  of  seeing  the  ribs  in  place  before  the  flesh  was  removed. 
He  states  that  on  the  right  side  an  elongated,  compressed  movable 
bone,  curved  like  a  rib,  was  applied  to  and  articulated  with  the 
anterior  surface  of  the  1st  true  rib,  and  on  the  left  side  a  similar 
mdimentary  rib  was  present,  which  was  fused  with  the  body  of  the 
first  true  rib,  so  as  to  give  it  a  bicipital  appearance.     Both  Pro- 
fessors Flower  and  Van  Beneden  regard  this  supplementary  part  of 
the  1st  rib  as  a  cervical  rib,  so  that  the  double  vertebral  end  of 
this  rib  articulates  with  both  the    7  th   cervical   and  1st  dorsal 
▼ertebr8B»     In  my  skeleton  no  supplementary  cervical  rib  was  pre- 
aentw     The  two  ribs  which  were  fused  together  on  the  right  side,  at 
the  sternal  end,  were  the  Ist  and  2nd  thoracic  ribs,  and  differed 
therefore  from  the  condition  described  in  the  other  skeletona     The 
constancy  with  which  the  bicipital  form  of  the  1st  rib  had  been 
in  the  skeletons  of  this  animal  previously  described,  had  given 
to  the  impression  that  it  might  almost  be  regarded  as  a  specific 
oliaracter,  and  the  late  Dr.  J.  £«  Gray  even  went  so  far  as  to  give 
±'t     generis  importance,  and  named   Hudolphi's  whale  Rudolphiua 
i€M^4cepe.^     In  a  criticism  which  I  made  some  years  ago  on  the  value 
this  character  for  purposes  of  classification,^  I  argued  that  the 
of  a  cervical  rib,  whether  blended  or  not  with  the  1st 
'^^oracic  rib,  was  only  an  individual  variation,  and,  as  cervical  ribs 
^^<^csc8ionally  occur  in  men  as  well  as  in  whales,  that  one  should  as 
ut^r-^le  think  of  classifying  men  who  possess  cervical  ribs  as  distinct 
^xn  those  who  do  not  possess  them,  as  found  a  genus  of  whales 
the  presence  of  these  bones.     The  absence  of  a  cervical  rib  in 
i  skeleton  now  described,  which  is  an  undoubted  specimen  of 
"^-    torealis  or  UxticqpSy  shows  that  the  bicipital  form  of  the  1st  rib 
^  ^ot  constant  in  this  species  \  but  as  the  majority  of  the  skeletons 
-"^ch  have  been  examined  have  two  heads  to  this  rib,  its  bicipital 
^^^Jacter  would  seem  in  this  animal  to  be  the  rule,  and  not,  as  in 
^^^^  the  exception. 

^SKuZ^L^— The  skull  resembled,  both  in  its  general  configuration 

^4  in  detail,  the  figures  of  the  skuUs  of  this  animal  published  by 

"^^dolphi  and  Van  Beneden.     The  sides  of  the  beak  were  straight ; 

Catalogue  of  SeaU  and  Whales,  and  Supplement, 
2^   The  eo-called  two-headed  ribs  in  Whales  and  in  Man,  Jour,  of  Anat»  and 
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the  premaxillaries  projected  6  inches  beyond  the  superior  maxillariei 
The  upper  surface  of  each  nasal  bone  was  8^  inches  long,  flattene 
in  the  posterior  third,  but  slightly  concave  in  the  anterior  twt 
thirds,  owing  to  the  inner  border  of  that  part  of  the  bone  being  raise 
into  a  low  longitudinal  ridge.  The  anterior  borders  of  the  two  bone 
were  truncated,  and  formed  together  almost  a  straight  line.  Th 
breadth  of  each  bone  at  its  posterior  end  was  1  inch,  and  at  if 
anterior  end  2^  inches.  The  premaxilla  passed  back  as  a  thin  plat 
between  the  nasal  and  superior  maxilla,  as  far  as  the  posterior  end  o 
the  nasal.  The  superior  maxilla  passed  back  for  3  inches  beyoni 
the  posterior  end  of  the  nasal. 

The  orbital  border  of  the  frontal  bone  was  14  inches  in  length 
the  antero-posterior  diameter  of  the  inner  part  of  this  bone  wa 
16  inches.  The  anterior  borders  of  this  bone  sloped  outwards  an( 
slightly  backwards,  whilst  the  posterior  border  was  almost  Uuu 
verse. 

The  anterior  border  of  the  occipital  bone  was  10^  inches  wide 
and  almost  transverse ;  the  posterior  border  was  3 If  inches,  an( 
presented  on  each  side  from  the  foramen  magnum  outwards  two  ood 
cavities  separated  by  an  intermediate  convexity. 

The  malar  was  12  inches  long,  inclusive  of  the  thin  plate  betweei 
the  lachrymal  and  superior  maxilla ;  the  part  which  formed  th( 
proper  lower  boundary  of  the  orbit  was  8  inches.  The  lachrymal 
8^  inches  long,  was  a  thin  plate  of  bone  except  at  the  anterior  end 
which  was  tuberculated. 

The  beak  arched  in  the  antero-posterior  direction  from  base  U 
tip,  and  the  highest  point  of  this  arch  was  5  inches  above  the  chord 
of  the  arc. 

The  mandible  was  not  strongly  curved.  The  length  of  the  lowei 
jaw  in  a  straight  line  was  S  feet  5^  inches  ;  and  along  the  outer 
convex  surface  8  feet  8  inches.  The  superior  border  was  11  indiee 
at  its  farthest  point  from  the  chord  of  the  arc.  The  ooronoid  prooesi 
was  low  and  triangular,  its  base  was  8^  inches  long,  and  its  height 
from  the  base  line  was  3^  inches.  The  depth  of  the  mandibli^ 
including  the  coronoid  process,  was  llf  inches. 

The  hyoid  closely  resembles  Hudolphi's  figure,  and,  as  it  has  nom^ 
hitherto  been  properly  described,  and  is  so  characteristic  of  th^| 
species,  I  shall  give  an  account  of  it.     The  inferior  sor&oe  of  iS^ 
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I  the  body  was  slightly  concave  from  side  to  side,  and 
onvex  from  before  backward&  The  posterior  border  of 
was  convex,  and  projected  backwards  considerably  behind 
wn  across  between  the  posterior  border  of  the  two  great 
In  this  character  it  differed  very  markedly  from  both  B. 
and  B.  mugctdus.  The  great  comu  was  flattened  on  its 
I  slightly  convex  on  its  under  surface,  with  the  anterior 
ittle  more  rounded  than  the  posterior ;  its  antero-posterior 
was  almost  uniform  until  near  the  tip.  In  B,  sibbaldii, 
great  comu  swelled  out  so  as  to  assume  a  remarkable 
ihape,  and  to  a  less  degree  this  is  also  seen  in  B,  muscvlus, 
-hyals  were  flattened  on  both  surfaces  and  13^  inches  long. 
I  measured  between  the  tips  of  the  great  comua  21  inches, 
llowing  table  gives,  in  feet  and  inches,  the  principal 
IS  of  the  skull : — 

FT.      IN. 

interior  border  of  foramen  magnum  over  vertex  to 
tip  of  beak,    ...... 

EUisal  end  of  snperior  maxilla  to  tip  of  beak, . 
interior  border  of  foramen  magnum  to  nasal  end  of 
superior  maxilla,       .  •  .  .  • 

lb  across  posterior  ends  of  superior  maxillae, . 
st  breadth  of  skull,    ..... 

h  of  skull  at  base  of  beak,     .... 

ii  of  skull  at  middle  of  beak, 

h.  of  skull  between  middle  of  orbital  borders  of 

frontals,         ...... 

1  of  skull  in  a  straight  line  (condylo-premaxillary),  . 
1  of  beak,        ...... 

1  of  superior  maxilla,  .... 

1  of  premaxilla,  ..... 

st  breadth  of  superior  maxilla  behind  base  of  beak,  . 
st  breadth  between  outer  borders  of  both  premaxillse, 
st  breadth  of  space  between  both  premaxillae, 
foramen  magnum  to  upper  border  of  occiput, 

compared  the  tympanic  bones  with  those  of  B,  roetrata — 
lest — and  B,  sibbaldii — the  largest — of  the  fin  whales, 
tensions  expressed  in  inches  were  as  follows : — 

Immature.  Adolescent.     Immature.  Adolescent 

B.  rostrcUa.  B.  borealis.  B,  Sibbaldii,  B.  Sibbaldii. 
Jtb,       .         8-6                   4-8                 4-7  6-3 

dth,     .         1-8  2*2  2-5  2*6 

rostrata  the  breadth  index  was  51,  in  borealis  46.     The 
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greater  relative  breadth  of  rostrata  was  due  to  both  the  outer  and 
inner  surfaces  being  generally  more  convex ;  but  the  anterior  part 
of  the  outer  surface  of  rostrata  possessed  a  concave  area  more  dis- 
tinctly marked  than  in  horealis.  In  rostrata  the  superior  border 
between  the  two  attachments  of  the  petrosal  was  more  horizontal 
than  in  horealis^  and  in  the  same  specimen  the  posterior  attachment 
of  the  petrosal  was  nearer  the  hinder  end  of  the  bone,  which  was 
more  rounded  in  rostrata  than  in  horealis*  In  rostrata  the  entrance 
to  the  tympanic  cavity  was  relatively  wideri  with  the  rounded  border 
relatively  thicker;  whilst  the  inferior  border  was  less  distinctly  keeled 
than  in  horealis.  In  the  adolescent  B*  sibhaldii  the  tympanic  was 
broader  in  relation  to  the  length  than  in  horealis^  and  this  greater 
relative  breadth  was  still  more  strongly  marked  in  the  immature 
sibhaldii^  the  breadth  indices  in  the  two  specimens  being  respect- 
ively 49  and  53.  The  greater  breadth  of  sibhaldii  was  especially 
seen  in  the  posterior  third  of  the  bone,  which  bulged  considerably 
on  the  inner  surface  in  sihhaldii^  and  was  almost  flat  in  horealis. 
This  bulging  caused  a  broadish  concave  surface  at  the  root  of  the 
posterior  attachment  of  the  petrous  bone  in  sibhaldii^  whilst  the 
corresponding  area  in  horealis  Was  a  narrow  groove.  In  sibhaldii 
the  entrance  to  the  tympanic  hollow  was  more  sinuous,  and  the 
rounded  border  of  the  bone  much  thicker  than  in  horealis.  In 
sibhaldii  the  anterior  and  posterior  ends  wete  less  attenuated  than 
in  horealis.  Through  these  characters  there  was  no  difficulty  in 
distinguishing  between  the  tympanies  of  these  species,  and  the 
character  which  most  impressed  me  in  making  this  comparison  was 
the  relative  want  of  breadth  of  horealis.  I  have  not  a  tympanic 
bone  of  B.  rfiusculus  at  hand  with  which  to  compare  my  specimen, 
but  from  my  recollection  of  a  specimen  I  saw  in  the  Boyal  Museum, 
Brussels,  in  May  of  last  year,  I  should  say  that  in  musculus  the 
tympanic  had  a  greater  breadth  than  in  horealis. 

Pectoral  Limb. — The  scapula  was  a  triangular  plate,  measuring 
29  inches  between  its  superior  and  inferior  angles,  and  17^  inches 
in  its  glenoido-vertebral  diameter.  The  coracoid  was  f  inch  long, 
and  2^  in  its  greatest  breadth.  The  acromion  was  6}  inches 
long,  and  4  in  its  greatest  breadth.  The  humerus  was  only  11 
inches  long,  and  1  foot  2^  inches  in  circumference  at  the  middle  of 
the  shaft,  the  surfaces  of  which  were  somewhat  flattened.     The 
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Ina  "was  II  inches  long,  5f  broad  at  the  upper  end,  measured 
cross  the  olecranon,  3^  at  the  lower  end,  and  only  2\  in  breadth  in 
he  middle  of  the  shaft  The  radius  was  20^  inches  in  length,  and 
nth  much  less  difference  in  breadth  between  the  upper  and  lower 
mds  and  the  middle  of  the  shaft  than  was  seen  in  the  ulna. 

Thirteen  carpal  bones  were  present,  and  one  was  probably  missing. 
Tiye  pairs  of  these  bones  were  nodular,  in  part  tuberculated  on  the 
urface,  and  in  part  with  flattened  articular-looking  surfaces,  well 
narked  in  four  pairs,  very  imperfect  in  one  pair.  One  pair  and  the 
tingle  bone  were  flattened,  elongated,  and  uniformly  tuberculated, 
fithout  any  appearance  of  an  articular  surface. 

Thirty-three  finger  bones  were  present,  and  some  of  the  smaller 
)ha]ange8  were  either  unossified  or  probably  missing. 

The  comparison  which  I  hav^e  so  far  made  of  the  Bo'ness  whale 
riih  other  specimens  has  been  with  skeletons  admittedly  those  of 
I  borecdis,  and  obtained  in  the  North  Atlantic  But  in  the  Leyden 
CnBeum  is  a  skeleton  brought  from  the  north-west  coast  of  Java, 
B.med,  after  Professor  Schlegel,  Balomaptera  Schlegdii,  which 
rofessor  Flower,  who  first  described  it,  regarded  as  closely  allied 
»y  if  not  specifically  identical  with,  B,  hm-ealis,  though,  on  account 
r  its  habitat,  he  had  a  difficulty  in  placing  it  with  horealia.^  This 
^eleton  was  more  perfectly  ossified  than  in  my  specimen,  and 
iilonged  to  an  animal  probably  about  45  feet  long.  I  have  com- 
kied  my  skeleton  with  Professor  Flower's  description  and  figures, 
L<1  with  the  additional  description  and  illustrations  of  its  skeleton 
>  Pis.  XIV.  and  XV.,  and  on  p.  221  of  the  Osteographie  des 
^iae^,  and  without  doubt  the  resemblance  is  in  many  particulars 
^^  striking. 

^e  mandible  with  its  low  coronoid  process,  the  profile  outline  of 
^Q  skull,  the  flattened  stylo-hyals,  the  general  form  of  the  tympanic, 
^Q  cervical  vertebrsB,  the  general  form  of  the  dorsals  and  lumbars 
Ixe  latter  with  their  spiculated  spines),  the  scapula,  the  humerus, 
•^iuB,  and  ulna,  all  closely  corresponded.  The  Java  specimen 
^^seesed  also  fourteen  pairs  of  ribs  and  fifty-four  vertebrsB, 
Y  1^14  Li4  Cdj^.  Professor  Flower  thinks  that  three  or  four 
^Udals  are  wanting,  but  Professor  Van  Beneden  considers  only  one 
^  two  are  missing. 

^  Proc  Zool.  Soc.,  LondoD,  Nov.  8,  1864. 
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On  the  other  hand,  the  nasal  hones  are  ohvioosly  flatter  and 
longer;  the  antero-posterior  diameter  of  the  orbital  border  of  the 
frontal  is  relatively  not  so  long ;  the  double  curve  of  the  posteriax 
border  of  the  occipital  is  not  so  marked,  and  its  base  is  wider  (Yf 
Beneden)  in  Schlegdn  than  in  horealU,    Again,  my  specimen 
not  have  a  pair  of  strong  tubercles  projecting  from  the  posterior 
border  of  the  body  of  the  hyoid,  as  in  the  Java  specimen,  and 
first  rib  is  not  bicipital. 

Some  of  these  differences  may  be  due  to  the  more  advanc 
ossification  of  the  Java  skeleton,  and  the  longer  and  stronger  spiiL. 
of  the  dorsal  and  lumbar  vertebras,  which  M.  Van  Beneden  ref( 
to,  are  obviously  due  to  the  same  causa     The  greater  length  of  LT 
Java  skeleton  has  not  the  importance  which  Van  Beneden  attacl 
to  it,  as  I   have  already  maintained  that  horealie  may  attain^ 
length  of  40  feet  or  upwards,  and  the  ribs  in  the  Java  specinzB.* 
corresponded  in  number  with  those  in  my  skeleton. 

At  the  time  when  Professor  Flower  wrote  his  description, 
was  a  greater  tendency,  on  the  part  of  cetologists,  to  limit  the  ar^c^     oi 
distribution  of  the  individual  species  of  cetacea,  than  now  exists,  st.'xzKi 
to  confer  specific  value  upon  specimens  which,  though  in  nLS^-^Kjy 
respects  similar  in  characters,  yet  came  from  distant  sea&     nT'Jie 
wider  range  of  distribution  of  some  of  the  species  of  the  ma.xruie 
mammals  is  now  more  generally  recognised,  and  the  remoteneeus    of 
the  habitat  of  SchlegeFs  Balcenoptera  ought  not,  if  the  anatomioaJ 
arrangements  correspond,  to  bar  its  association  with  B,  borealit. 


2.  On  Minding's  Theorem.    By  G.  Plarr. 

In  treating,  by  the  method  of  quaternions,  the  question  which 
forms  the  basis  of  Minding 8  Theorem^  I  had  the  advantage  of  beiflg 
guided  by  Professor  Tait's  paper  on  that  subject  {T,  RS.K,  1880), 
and  it  is  only  by  varying  his  method  that  I  could  hope  to  preseot 
the  question  under  a  new  aspect 

§1- 

Let  us  apply  the  operator 
of  a  conical  rotation,  where  2'  =  p"^  to  a  system  of  given  ▼•cto^ 
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I »  A' ,  /8o^  ^^9  P  ^^S  *  veraor,  the  results  of  the  rotation 
/S',  &c.y  respectively. 
e  expressioiis 

P^pPq^^  /8'  =  p^og,  &c., 

ait  the  forces  at  once  to  two  of  binding's  conditions; 
1^  the  magnitude  of  each  of  the  forces  remains  unchanged 
otation,  and  2^  the  mutual  inclinations  of  the  forces,  con- 
iwo  by  two,  remain  also  unvaried, 
dsultant  of  the  forces  being    - 

also  unchanged  as  to  its  tensor,  and  we  may,  without  loss 
adity,  assume  at  once  that  the  unit  of  force  has  been  chosen 
give 

TSi8=l=TSi8o. 
at 

^ves 

k'  ^pJif^q . 

all  a,  a',  a",  &c.,  the  vectors  drawn  from  a  certain  origin 
oints  of  application  of  the  forces.  A  third  condition  will 
igidity  of  the  system  of  these  vectors,  so  that  they  remain 
e  in  respect  to  one  another,  and  to  their  origin. 
burth  condition  to  which  Miiidincfa  System  of  Forces  are  to 
itted  demands  that  the  action  of  the  system  be  reduced  to 
a  single  force,  and  consequently  that  the  moment  of  the 
J  couple  2V.  a^ ,  in  respect  to  the  origin,  be  perpendicular 
irection  of  the  resultant  of  the  forces. 
x>ndition,  expressed  by 

rtue  of  (1)  and  (2)  by 

tes  a  relation  between  the  data  a,  a',  &c.,  )8q,  ^'q,  &c.,  A^q', 
me  hand,  and  between  the  three  scalar  elements  of  the  ver- 
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8or  p  on  the  other :  by  this  lelation  (3)  the  number  of  the  arbitrary 
scalar  elements  of  the  question  becomes  reduced  to  two.     Obviously 
the  scalar  elements  on  which  the  unit-vector  kf  depends  are  also  two 
in  number;  but  as  the  system  may,  in  virtue  of  the  variations  o£ 
P{    )9>  possibly  turn  round  the  very  direction  of  V^  it  will  b^ 
more  convenient  to  consider  the  elements  ot  p{    )i  ^  the  true  in. — 
dependent  parameters,  at  least  two  of  them* 


§2. 

The  position  of  the  single  resultant  of  the  system  will  be  that 
the  straight  line 

(4)  2V(a-p)/5-0. 

where  p  designates  the  vector  of  a  point  of  that  line,  the  origin 
being  the  same  with  that  of  the  vectors  a ,  a\  ,  •  . 
Having 

and  putting  generally,  with  Professor  Tait, 

(6)  \^ 

we  get  the  solution  of  (4)  by 

where  n  is  an  arbitrary  scalar  on  which  the  position  of  the  extremi^J 
of  p  on  the  line  depends. 
We  remark  now  that  tfik' ,  owing  to  p^«n  1 ,  becomes 

namely,  ^  will  be  constant  in  direction  and  value,  whatever  be  ^^^ 
state  of  rotation  of  the  system. 

This  result  permits  of  a  change  of  origin  of  the  vectors  a,  a,  ^f 
and  p,  by  which  the  new  value  of  tfJ^  will  vanish.  The  new  otiff^ 
will  be  at  the  extremity  of  the  former  (  -  ^).  This  cbsDg^  ^ 
origin  will  not  affect  k'  ■»  2/3,  but  it  will  change  the  vector  moD^^ 

Not  to  change  notations,  we  assume  that  the  origin  0  wtf  ^ 
the  beginning  at  the  point  for  which 

(6)  o-#'-SaSj8<^'o- 
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hfai  €t!^[iD|  which  ib  analogous  to  the  centre  of  a  system  of 
Ilel  f ovoes,  has  been  called  by  Minding  the  central  point  of  a 
am  of  non-parallel  forces. 
Te  have  now,  owing  to  (6) , 

)  p-(^'  +  tt)A;'. 

Te  also  designate  by  17  the  vector  moment  of  the  forces  in  respect 
16  origin  now  chosen,  so  that 

I)  i7=»2Va^; 

the  condition  (3)  will  be 

wing  to  the  definitions  (5)  and  (8)  we  have  now  generally  for 

vector  fti, 

0)  (<^-^>-=Vi;oi. 

iencefor  ftiaA:',  ^y(^)« 

—  ^  AJ  ss  yijK  I 

virtae  of  (9)  this  becomes  simply , 

m  this,  and  from  (6),  we  deduce 

Si^f^'A^'^O,  andS^VA^'^O. 

)  relations  show  that  the  direction  of  k\  ri^  ^'k'  are  trirect- 
and  that 

§3. 

**,  be  two  unit-vectors  forming  a  trirectangular  system 
id  let  t^o ,  /q  be  their  initial  directions,  so  that 

wing  to  (6) , 

^p  =  -  ifii'&ip  -  <l>f^fp , 

ilts  ^r ,  ^^  are  constants  for  the  same  reason  as  if>k'. 

3x 
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Owing  to  (6)  the  coefficients  of  the  cubic  may  be  expressed  by 

'  m  =0, 

(13)  ■    Wi  =  -  SAc'^*>/ , 

We  have  now  from  (7) 

and  putting 

(14)  m,=  +mjW  +  m2tt2  +  tt', 
we  get 

The  teim  m^'V  being    indeterminate,  owing    to   in»0,  ^ 
consider 

and  putting  YXfi  =  p,  we  get 

(m<^'-V)=-V^tVSA;> 

(See  also  Proe.  R  8.  E,j  Dec.  1880,  on  the  case  m^O). 
We  remark  that  by  (7)  we  have 

Substituting  this  in  the  preceding  term  we  get 

(15)  ^A:'  =  V^eV  +  K  +  t*)/5-    p. 
Effecting  the  combination 

and  remarking  S V^'p  »  Sp^' «  0 ,  we  get 

(16)  I  ^=(*»'-(~y-^**''*^"-K+^)'^ 

I  -  2(m2  +  M)Sp^''<ft/' . 


We  obtain  a  relation  between  — ^  and  (wij  +  m)  independent  oi  r 
Namely,  we  introduce  into  SA^iy  —  0  the  value 
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6  of  this  equality  the  value  (13)  of  %  becomes 

m  being  now  a  squaie  in  virtue  of  (17).    We  also 

ig  these  values,  and  that  of  m^  into  the  sum 

i«|-2mi-(<^'A:')«, 
Ube 


1 


ion  will  be 
>y  (7)  we  get 

ng  this  into  (19),  and  adding  and  subtracting  2^2^/  +  u^^ 


K+«)v+(^)  =(^+p»y+M^' 
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The  equation  (16)  now  takes  the  form 

wheie  (i»2  +  u)  depends  on  f  —  +  pA  by 

(22)  (»»2  +  «*)'-M,-/>»+2(^  +  p»). 

§4. 
The  relation  (21)  depends  through  (22)  explicitly  on  (^  +  ffj 

and  on  p  only.  The  tenn  (^V)'  '^^  ^pH^'p  ""  ^P^P  depends  on  p  only 
and  on  the  constant  vecton  ^"y  ^j\  because  we  have 

hence 

(23)  4^'p  -  »p  -  -  (^'Sp'^'  +  ^"Sp*"). 

Through  (13)  and  (14)  the  quantity  ^  contains  the  thne  aibi- 

tiaries  of  the  question,  namely,  n,  and  the  two  independeni  P*^ 
meters  of  the  operator  p{    )q. 

The  equation  (21)  represents  now,  by  the  extremity  of  fh  ^^ 
point  on  the  resulting  force  of  the  system  in  any  of  its  pofiitioB& 

If  we  submit  the  three  just  named  arbitraries  to  a  lelatioD  <» 
condition,  then  we  "  pick  out"  so  to  say  a  particular  point  on  6^ 
one  of  the  resultants,  and  the  aggregate  of  these  points  will  fo^ 
a  definite  surface. 

The  equation  of  condition  which  gives  the  surface  of  the  lo^ 

possible  degree  will  be  of  course  —  +  p'  «■  a  constant  panmetBr* 
For  convenience  sake  we  put 

(24)  ]        « 

g  +  m^-^u  —0, 

-  h  being  the  parameter  introduced  {h  being  identieal  wiflt  ^  ' 


^ 
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irofeasor  Tail's  paper),  and  g  depending  onh  through  (22)  which 
(Bies 

15)  (7«4-2A=-M,-/a2. 

equation  of  the  surface  will  he 

(  +  2(7Sp<^"^"       I 

the  elimination  of  g  hy  (25)  will  raise  the  degree  in  p  to  the  4th. 
his  equation  is  concordant  with  that  numhered  (10)  of  Professor 
's  paper :  this  last  one  is  transformable  into  ours  (26)  by  the 
ination  of  t  (which  is  our  -ntj).  The  elimination  can  be 
ided  on  the  equation  (9)  of  the  quoted  paper,  and  by  treating 
1,^4^'  the  equation  (8')  so  as  to  give  (in  our  notation) 

he  value  resulting  for  t  (or  of  our  m^  will  be  in  our  notation 

•ntaining  then  a  double  signed  radical,  but,  as  we  shall  find,  the 
>  of  it  will  be  definite,  and  (in  anticipation  to  our  own  use)  we 
d  ^t  we  shall  have 

^7)  n^gh-^Sf^i'^o' 

^  on  the  contrary,  we  wish  to  form  the  equation  of  the  locus  of 
feet  of  perpendiculars  from  the  origin  on  the  single  resultants, 
^  ^  aie  no  more  free  to  establish  a  relation  between  the  para- 
^  of  p(  )q  and  u.  The  condition  of  the  perpendicularity 
^^en  the  line  (7)  and  p  itself  will  be 

'^Q  equation  (7)  will  give  its^r^  scalar  relation 
^B)  14-0. 

ben  (21)  with  this  value  of  u  will  constitute  a  second  scalar 
•^on  (equivalent  with  1c  ^  =  -  1). 

^  <Wrd  scalar  relation  will  be  obtained  in  treating  by  S(  )^^ 
(7)  itself,  but  a  transformation  of  it  derived  from  (15).     Finally, 
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we  have  the  condition  (17)  equivalent  with  SAc'iysO.  We  have 
thus  four  equations  between  the  three  paiameters  oi  p(  )q  ^J 
which  to  eliminate  (theoretically  at  least)  these  parameters,  and  the 
result  will  be  an  equation  in  p  representing  a  definite  marfaee. 

Practically  the  elimination  may  be  effected  by  eliminatiog  h^t  go 
[K  f  9o  being  the  values  of  h,  ^  in  the  relations  (24)  for  u = 0]  from 
(25),  (26),  and  the  third  scalar  relation  spoken  of  derived  horn.  (15). 
We  reserve  this  question  for  another  occasion. 

§5. 

Let  us  now  transform  the  expression  (15)  of  A;'  so  as  to  render  it 
dependent  on  h  and  p  alone. 
Taking  the  function  ^'  of  both  members  we  get 

(29)  0  =  -  ^^'A;'  +  (^2  +  u)(^'p  -  O , 

tm 

because  ^'.  Yffti'^'  s  0 ,  by  considering  (23). 
By  (10)  and  (11)  we  have 

(^  -.  <^')^'p  =  Yrf4/p  «  V.  <l>'k'k'4,'p . 

And  considering  that  SAr'^'p  =  Sp#' "■  ^ >  developing  Y.ijfh'k^Pi 
and  replacing  ^'k'  hy  p-uk'^  we  get 

We  get  Sp^'p  by  treating  (15)  by  S.  p.     This  gives,  by  8kp'  **•"*' 

8ptf>'p  =  7W,  +  S .  pi>i'4ii'  +  (114  +  t*)p*. 

In  (29)  also  we  replace  ^'A;'  hj  p-^uk'  and  eliminate  ^'/>  b«*^^ 
(29),  so  modified,  and  (15).     This  gives 

0^^!!bL{p-uk') 
u 

+  ^w^  +  tt)  r  -  ~^Ar' +  V^i'^"  +  (m,  +  i»)p J 

With  the  notations  of  (7 ,  h,  jn  (24),  (27),  this  becomes 

(30)  0  =  »i^  +  irp  +  (A-Mjj)p-V^''<ft;V, 
g  being  related  to  A  by  (25)  and  n  given  by  (27). 
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lations  (26)  and  (30)  solve  the  question  of  finding  the 
f  the  resultant  force  for  any  given  point  of  space.  When 
is  given,  the  scalai^uation  (26)  will  give  theoretically 
3  of  A,  after  the  elimination  of  g  by  (25),  and  the  vector- 
liQ  give  the  four  directions  V  corresponding, 
kttacking  this  question  we  will  find  it  very  convenient  to 
al  with  rectangular  coordinates,  and  we  make  use  of  one 
tions  of  Professor  Tait's  of  the  equation  of  condition, 

0  =  a^"^"  =  l?;'(*>K  =  Si'(^'^)/'. 
er,  namely,  ^^ ,  ^^  by  their  expressions 

ating  in  particular 

lfi&fi(^  by  <f>Q(a 
V  i'q  ,  j'q  the  solutions  of  the  equation 

Vco(*'o*oV-0, 

leing  Ic'q  . 

ction  (^'o^o)  ^  self-conjugate,  and  its  principal  axes  are 
gles  to  one  another ;  we  designate  by  i'q  ,  j'q  perpendicular 
>  unit  vectors  in  the  direction  of  these  axes.  The  cubic, 
a  quadric  (because  of  ^'q^q  ~  ^)>  corresponding  will  be 

b ,  the  absolute  values  of  c^q^'q  ,  ^''q  ,  we  have  by  (18) 


1 


herefore 


M2  =  a2  +  2^, 


(«>oKo  =  »>S   («'o*o)/o=/o^- 
r  call  i ,  j\  k ,  the  system  of  trirectanglar  unit  vectors  in 
ons  of  <^o*'o »  ^o/o »  and  of  V<^tVo/o  =  *o*'*o/o  •     T^^ 
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(33)  <     ^^'''-^'^    "*^''^' 

^'  =  0    =  ^(^0  • 

Comparing  (<^>oKo  =  V»  with  ^'oi^*"©)  -  a*V »  &c.,  we 
the  corresponding  relations 

But  generally  we  have 

Hence  forming  t" ,  / ,  by  applying  the  operator  p{    )qio  i^Q ,  /q 
it  has  already  (2)  been  applied  to  k'^  for  obtaining  k'),  we  get 

^'t  =  Ha , 

(34)  ,      w    y    > 

Here  the  unit  vectors  » ,  / ,   A; ,  represent  directions  whids.     ar 
invariably  fixed,  whereas  i' ,  / ,  A/  rotate  with  the  forces  )3,  J^,   <& 

§6. 

We  introduce  now 

«,  y,  «,  being  the  Carthesian  coordinates  of  the  point  p  on  w 
single  resultant  of  the  system  of  forces,  these  coordinates  be^ 
referred  to  axes  which  are  fixed  in  space,  and  passing  throogl^  ™ 
central  point  of  the  system. 

We  have  also,  by  introducing  (33)  into  the  expression  (2^7 

By  this  the  equations  (26)  and  (30)  become       • 
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+  k[z{h  -  Mj)  +  gab] , 

^0>y  (27)) 

n  =  gh-  ahz ; 
cpieBsed  by  (25),  becomes 

jidon  the  problem  of  discusBing  the  roots  h  as  expressed 
1  of  xyZf  when  the  elements  of  p  are  given  alone.  Bat 
naider  what  surfaces  the  equation  (36)  represents  when  h 
iidered  as  a  parameter  receives  any  value  between  -  oo 

ation  (36)  when  freed  of  the  radical  represented  by  g  will 
atic  in  a;,  y^  z.     We  resolve  in  respect  to  z.     Putting 

equation  under  the  form 

(Mjz^  +  G')2  -  izm^iz^  +  g')  =  0. 
lent  of  2^  being 

Lce  c  by 

a2-&2^c2, 

ut  loss  of  generality,  we  assume  a>b  cnicefor  all,  so  that 

e  now,  in  resolving  in  respect  to  z^ 
c^2  =  (2My-M2G')=tR, 

)Ut 

R2  =  (2Mi^  -  U^G'Y  -  cKJ'«. 

ng  tlie  difference  of  squares,  and  as  in  virtue  of  (32) 

M2-c2=.262 

M2  +  c2  =  2a2, 
rmB^  into 

R2  =  ^a%\ay  -  G')(6V'  -  G')  • 
2Mi^  -  M^G'  =  52(^2^'  _  5')  ^  a\V^'  -  G') . 
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By  the  values  of  G',  (/',  we  get 


(38) 


jX2  = 

(Y2  = 


where  we  introduce  the  letters  X^,  Y^,  as  abbreviations. 

We  have  now 

^4^2 «  c2X-2  +  a2  Y2  ±  2a5XY . 

The  second  member  being  a  square  we  deduce 

(39)  c22=±6X±aY, 

the  double  signs  being  independent  from  each  other,  and  the  fo^  ^ 
values  of  the  second  member  constitute  the  four  roots  z  as  functio^«« 
of  Xj  y  and  the  parameter  h^  satisfying  (36). 

§7- 
For  the  construction  of  p  we  introduce 

where  z\  z"  represent  the  two  terms  of  z  respectively,  say 

cV-±6X,   cV=±aY; 

the  double  signs  showing  the  possibility  for  z!  and  z"  to  repres^^si 
positive  and  negative  values  like  any  other  coordinate. 
We  have  then 

p=p  +p . 

If,  for  a  given  value  of  h  (leaving  out  for  the  present  the  valxieg 
h  =  a^,  and  h  =  6^),  we  construct  p  and  p"  separately  we  get  by  the 
former  a  hyperbola,  and  by  the  second  an  ellipse.     The  planes  o{ 
ttiese  curves  will  bo  at  right  angles.    In  ordinary  coordinates  the 
equations  of  these  curves  will  be 


j^>:i  l(^") 


X 


1, 


J I 


L(^")<J  L(^J 


y 


1. 


If  we  take  the  point  p  of  the  hyperbola  for  the  centre  of  v» 
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ellipse  p\  then  the  sum  p+p"  =  p  will  represent  a  surface  which 
we  may  call  a  hyperbolic  Tore,  that  is  a  hollow  canal  having 
eyerywhere  the  same  elliptical  section,  parallel  namely  to  the  plane 
jfk,  of  the  ellipse  p\  and  equal  to  that  ellipse;  whereas  the  median 
line  of  the  canal  will  be  the  hyperbola  p  in  the  plane  i,  k. 

The  two  tores  corresponding  to  the  two  branches  of  the  same 
hyperbola  will  be  symmetrica]  in  respect  to  the  plane  t,  J,  passing 
through  the  centre  (at  the  origin  0).  The  two  sheets  of  the  same 
surface  may  intersect  or  not  according  as  the  value  of  ^  is  outside 
the  interval  between  a^  and  6^  or  inside  that  interval. 

We  will  not  here  undertake  to  prove  that  through  every  point  of 
space  there  must  be  four  surfaces  passing,  corresponding  to  four 
different  values  of  ^ ;  we  will  only  remark  that  the  same  hyperbola 
will  correspond  to  two  different  values  of  h,  namely,  h  and  h'  satisfy- 
ing to 

To  these  values  correspond  two  different  ellipses.     Vice  versa,  to 

for  the  same  ellipse  correspond  two  different  hyperbolas  .  .  . 

All  the  hyperbolas  have  the  same  pair  of  asymptotes;  these  lines 
jMifis  through  the  origin  and  have  the  directions  of  8,  S^,  defined  by 

aB  =  ic  +  kb ,  aS ^  -ic-k-Tcb. 

Considering  now  the  cases  of  h^a^  and  h  —  h%  we  must  re- 
member our  assuming  of  the  inequality 

a>h » 

In  the  case  h==a^  the  two  tores  transform  themselves  into  two  right 
cylinders,  having  their  axes  coincident  with  the  asymptotes  just 
mentioned ;  their  radius  perpendicular  to  the  axis  =  sja^  - 1^  s  c . 
This  will  easily  appear  when  we  consider  the  value  of  z  becoming 
for*=a2 

C2  =  ±hx^a  Jc^-y^, 
hence 

(40)  (c2  T  hxf  +  aV  =  a2c2. 
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We  may  introduce 

When  the  equations  become  for  y  and  y  , 

which  leaves  the  component  of  p  parallel  to  S,  or  to  S',  indeie^ 
minate. 

These  two  cylinders  intersect  in  the  planes  (y,  k)  and  (»,  /).    In 
the  first  of  these  planes  the  equations  become 


(«)  a;=0,  aixd(±)*  +  (0  =  l, 


an  ellipse  which  in  the  next  section  we  will  meet  again  as  Minding i 
Ellipse.     The  second  intersection 


«.GjT5)^ft)"-'. 


has  not  received,  as  yet»  any  physical  signification. 
In  the  case  oih'^l^^  or,  as  we  will  put  it 

^  -  53  —  i^Q  infinitely  small  value, 

the  values  of  Y  in  the  expression  (39)  of  z  will  be  real  for  valuer     of 
y^  which  do  not  outpass  the  limit 


(^■. 


and  therefore   the    "tore-surface"  represented  by  p«p'+p'    '^^riH 

shrink  into  an  infinitesimally  narrow  canal  embracing  the  hypearbols 

represented  by 

p^ix  +  kal^ 

where  we  have 


(42)  ,=O.and(0-(£)^l. 


This  tore-surface,  like  all  others  represented  by  (39),  contaiiw 
at  every  one  of  its  points  one  point  of  the  single  resultants  of  ^^ 
system  (generally  four  of  which  are  passing  through  every  poi0^  ^^ 
space) ;  and  the  diifercnt  points  of  the  sur&ce  represent  the  efif^ 
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gpcmdixig  points  of  the  resoltBiit  in  the  different  states  of  rotaHon  of 
the  syatem. 

To  the  question,  if  every  one  of  the  surfaces  (39)  has  one  point 
in  common  with  every  one  of  the  resultants,  we  give  the  answer  in 
§  9,  where  we  show  that  through  every  point  of  space  we  are  able 
to  draw  four  straight  lines  meeting  the  hyperbola  (42),  and  which 
satisfy  moreover  the  conditions  derived  from  the  expression  of  h! . 

We  have  thus  the  proof  of  one  part  of  Mindin^e  Theorem,  as 
amiounced  at  page  37  of  CreUe'i  Maih,  Journal ,  voL  xv.,  namely,  the 
resultant  in  the  different,  innumerable,  positions  which  it  may  take, 
paases  constantly  through  the  hyperbola  which  is  the  limit  of  the 
iufinitesimally  narrow  canal  corresponding  to  A  -  &^  =  0. 

The  proofs  of  the  other  propositions  of  the  theorem  will  be  gained 
l>y  the  examination  of  the  directions  T(f  of  the  single  resultant 

§8. 

"Writing  again  the  expression  (37)  containing  h! , 

0 = wA/ +  taj(A  -  62) +yy  (^  -  a2) 
+  *[«(/k-M2)  +  ^a5], 

introduce  into  it  the  hypothesis 

A  -  6^  a  an  infinitely  small  value. 

for  the  preparation  of  n  and  g  as  defined  in  (36  hie)  and  (37  his) 
have  the  relations 

'  \{az-gbf  =  Y\ 

**Ssh.  become  identitieB  if  we  substitute  into  them  the  value  of  ^ 
'     ^    U»)  and  the  value  of  2gabz  diawn  from  (36),  and  having 
Md  to  (32)  and  (38). 
-^s  the  value  of  y  is  to  convetge  to  zero,  at  the  same  time  as 
^^  52^  but  independently  of  it,  we  put 

cy  =  w{h  -  h^)  , 

^•^ling  w  an  arbitrary  scalar. 

Ve  have  by  (43) 

gh^az-Yf, 
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where  the  letter /is  to  stand  for  either  + 1  or  -  1  as  the  case  may 
afford.     This  gives  by  (36  his) 

71=:---  (ghh-h^aa) 

Introducing  the  value  y  into  Y  (38)  we  get 

As  we  need  only  the  terms  of  the  first  order  in  (A  -  &^)  we  may  re- 
place hY  by  ¥Y.    Thus 

The  coefficient  of  A;  in  (37)  becomes 

z(^-M2)+a.6^  =  [A-Mj  +  a«]z-(^-62)aVrM^; 

and  considering  the  value  of  M^  the  coefficient  of  z  will  be  (A  -  5^ .  ^ 
Also  in  the  term  jy(h  -  a*)  we  replace  y  by 

The  term  becomes,  for  A  -  a*= 6*  -  o*=  -  c*, 

(/i _ 6«)  i£. (fcs - a2)  =  -(A-6»)iM. 

We  have  now  the  factor  (h  -  5^)  existing  in  evidence  in  all    '^be 
terms  of  the  relation  (37),  which  becomes  rigorously  as  to  the 
order  in  (^  -  6^) , 


0  =  (h  -  ft2) 


+  tx  -jew  -^^z-a  Jl-  w^) 


As  the  second  member  represents  the  terms  of  the  first  order  in 
(//.  -&*),  and  as  h-l^  ia  variable,  we  are  entitled  to  eqiwto  w^ 
factor  of  Ji  -  b^  separately  to  zero. 
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Before  writmg  the   equation  we    remark    that    the    arbitrary 
qoantitieB 

Gw ,  and  a  iJ\-nD^  J 

when  snbstitated  into  the  place  of  y  and  z  respectively  in  the  equa- 
tion (41)  of  the  ellipse,  satisfy  that  equation  identically.  We 
introduce  the  coordinates  y^y  z^^  as  those  of  a  point  of  the  ellipse, 
j)uttinga;2'»0,  and 

y^=^cwy  Z2'=ajl-w^- 

-Also  for  distinguishing  the  coordinates  of  the  hyperbola  from  those 
of  any  point  in  space  we  replace  x,  z'  y  in  (42)  by  x^y  2^,  putting 

rhe  equation  in  Jtf  now  takes  the  form 
^  if  we  introduce 

*©  luve 

^*^i«   establishes  the  second  part  of  Mindin^a  Theorem^  namely, 

^  *A«  single  resultants  pass  through  the  ellipse  because  every  point 

5  ^lie  hyperbola  is  the  summit  of  a  cone,  of  which  the  generating 

^^^  are  the  single  resultants  passing  through  that  point,  and  the 

^Pee  forms  the  oblique  base  of  the  cone,  and  vice  versa  every 

P^^^t  of  the  ellipse  is  the  summit  of  another  cone  of  which  the  base 

^  *otmed  by  the  two  branches  of  the  hyperbola :  moreover,  all  these 

^^'^^s  are  right  conesy  the  axes  being  the  tangent  to  the  curve  at  the 

P^Uit  where  the  summit  of  the  cone  is  situated, — this  latter  pro- 

*^ition  results  from  the  equation  of  the  cone,  as,  for  example,  in 


ItB 
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the  case  of  its  stunmit  being  in  o-^  on  the  hyperbola^  when  it  "^^iU 
be  of  the  form 

V.2tf(p.cri)-c»(p-cri)2  =  0, 
where 

and  p  being  now  the  vector  of  any  point  on  the  line  o-j  -  o-j  oi 
prolongations. 

The  last  part  of  Minding*s  propositions  is  proved  by  tiie  c^^i^in- 
parison  of  the  values  of  the  focal  distances  of  the  hyperbola  amL  '^he 
eUipse,  these  being 

,^6*  +  c2-a,  and  \/a*-c*  =  6 

respectively,  with  the  corresponding  great  axes,  these  being 

^and  a. 

It  follows  also,  from  the  expressions  (44)  of  the  vectors  oF   'C^^ 
hyperbola  and  the  ellipse,  that  the  planes  of  these  curves  az^     ^ 
right  angles,  the  line  of  intersection  of  the  planes  passing  throimj^ 
the  centre  of  these  concentric  curves. 

§9. 

We  will  finally  show  that  the  variable  vectors  o-^ ,  o-^  y  are 
convenient  auxiliaries  for  expressing  the  solutions  of  the  eqnatL-  ^ 
of  the  fourth  degree  on  which  h  depends,  namely,  of  the  equatL- — ^ 
(36)  from  which  g  has  been  eliminated  by  the  help  of  (36  hie). 

We  will  not  treat  of  that  equation,  but  we  consider  the  vc 
equation  (37),  from  which  it  can  be  deduced  as  one  of  its 
equations. 

Let  p  designate  a  point  on  the  line  o-jj  -  o-i  or  its  prolongati(K  '^^ 
so  that  we  have 

p  =  o-j  +  ^^/ . 

We  have  then  the  two  vector  equations 
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iking  the  scalais  S  .  » ,  S ./ ,  S  .  A; ,  we  get  six  equations,  which 
only  four  distinct  ones,  because  they  satisfy  d  priori  to 
- 1 ,  and  to  N^  =  -  ((Tj  -  o-j)^ .      From  these  equations  we 
f  deduce 

iIbo 


N         Vj  -  a-^J ' 


e  we  employ  the  sign  S  (placed  before  the  quotient  of  two 

lei  Tectors)  simply  for  preserving  the  algebraical  sign  of  the 

lent 

we  assome  cr^  and  0-2  to  be  given,  then  the  expression 

lepxesent  the  values  of  h  for  any  point  p  situated  on  the  line 

oTj ,  and  the  coordinates  2; ,  ^ ,  ;ir  of  that  point,  together  with 

tesulting  value  of  hy  will  satisfy  the  equation  of  the  fourth 

Be  spoken  ol 

we  assume  p  to  be  given»  namely,  x,  y,  z  to  he  given,  then 

question  would  be  to  determine  first  o-^  and  or^  independently 

and  this  would  again  lead  to  an  equation  of  the  fourth  degree 

le  of  the  coordinates  x^,  a^ ,  or  ^^ ,  s, »  ^^^  ^^  question  as  to 

eality  of  the  roots  would  still  arise  in  all  its  complication. 

stead  of  following  that  course,  we  may  by  geometrical  con- 

itibns,  and  with  the  help  of  (46),  assure  ourselves  that  for 

'  point  of  space  there  exist  four  corresponding  lines  or^  -  o-^ » 

tonsequently  four  values  of  h  which  satisfy  to  the  equation  in 

id  consequently  to  the  scalar  equation  deduced  from  it 

t  UB  suppose  that  the  two  Minding^s  curves  be  constructed  in 

relative  position  in  space,  and  let  them  consist  of  a  rigid 

rial     Then  drawing  a  straight  line  through  the  extremity  M 

We  may  turn  that  line  until  it  strikes,  say,  one  branch  of  the 

vbola,  then  we  move  the  line  on,  without  detaching  it  from 

hyperbola,  until  it  strikes  a  point  £  of  the  ellipse,  the  point  of 

hyperbola  being  H.     Then  we  have  a  first  position  of  the  line 

0*1,  and  a  corresponding  value  of  h  and  of  k', 

>uxi.  3  Y 
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But  we  remark  that  if  the  points  are  following  each  other  in  the 
order  say 

M,  H,  E, 

there  will  exist  another  position  of  the  line  in  which  it  strikes  thi 
ellipse  first,  and  further  on  the  hyperbola,  so  that  we  have  a  secon 
line  oTj  -  o*^ ,  corresponding  to  the  disposition  of  either 

M,  F,  H', 
or,  may  be,  if  the  first  had  been 

H,  M,  E, 
then  there  would  be  a  second  disposition 

M,  H',  E'. 

But  we  may  repeat  this  reasoning  in  taking  into  account  tt==3e 
other  branch  of  the  hyperbola,  and  so  we  get  four  systems  of 
tions  of  the  lino  o-j  -  o-^  and  four  corresponding  values  of  h,  th< 
being  real  of  necessity,  because  their  expression  is  dependent  on 
real  lines  p  —  o-j,  and  cj  -  <r|  in 

We  see  also  by  this  expression  that  the  points  corresponding         ^ 
the  value  h  —  a^  can  be  placed  only  on  one  of  the  cylinders  (4C^    -^)> 
because,  apart  from  the  value  ^  =  0-3,  which  places  p  on  the  int^^^ 
eecHon  of  both  the  cylinders,  we  have  also  the  points  p  for  whL     -^ii 
we  have  generally 

As  p  -  o-j  and  o-g  -  o-^  are  to  have  the  same  direction^  the  condit'iofl 
can  only  be  satisfied  (excepting  always  p^a-^  when  cr^  becomes 
infinite  along  the  hyperbola.     In  this  case  p-O'i  takes  the  directiQO 
parallel  to  the  asymptotes,  and  therefore  parallel  to  the  geDerati% 
line  of  one  of  the  cylinders  (40).     It  follows  that»  for  h^cf,  ^ 
only  surface  represented  by  the  primitive  equation  (4)  are  th» 
cylinders  (40). 
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3.  Chapters  on  the  Mineralogy  of  Scotland    Chapter  VII. 

By  Dr.  Heddle. 

In  the  present  chapter  Dr.  Heddle  considers  the  ores  of  man- 
ganese, iron,  chromium,  and  titanium. 

He  finds  that  almost  all  the  manganese  in  Scotland  occurs  in  the 
form  of  an  ore  of  Uttle  value — psUomelane. 

Iron,  he  has  observed  in  minute  laminable  specks,  in  the  free  or 
metallic  condition,  at  two  localities,  but  sheathed  in  both  cases  in 
magnetite.  The  quantity  was  too  small  for  determining  the  presence 
or  absence  of  nickel,  but  he  conjectures  that  these  specks  may  have 
been  minute  meteorites,  which  had  fallen  into  the  ocean  in  which 
the  rock  was  being  formed. 

He  has  found  two  ores  of  iron  new  to  Britain, —  turgite  and  mar- 
iitCy — ^the  one  near  Oban,  the  other  in  Bute. 

A  series  of  analyses  of  ilmenites  and  of  iserines  or  '*  titanic  iron 
sands  "  are  given ;  and,  as  a  result  of  a  consideration  of  the  modes 
of  occurrence,  and  of  the  microscopic  features  of  these  minerals,  Dr. 
Heddle  concludes  that  they  are  specifically  distinct;  the  former 
being  of  chance  occurrence  in  metamorphosed  rocks,  while  the 
latter  is  an  almost  invariable  coiistituent  of  igneous  rocks. 

Hmenite  he  finds  to  be  very  common  in  Scotland,  but  to  be,  for 
the  most  part,  confined  to  chloritic  and  quartzose  bands  of  meta- 
morphic  rocks. 

He  finds  that  magnetic  "black  sands"  are  not  unfrequently 
chromi/erouSf  and  that  to  a  considerable  extent 


4.  On  the  Dimensions  of  Cast  Iron  at  various  Temperatures, 
with  more  especial  reference  to  the  Phenomena  of  the 
Solid  floating  on  the  Molten  Metal.  By  W.  J.  Millar, 
C.E.,  Secretary,  Inst  Engineers  and  Shipbuilders  in 
Scotland. 

1.  In  experimenting  from  time  to  time  on  the  floating  of  solid 
^etal  on  molten  metal,  the  author  has  observed  various  phenomena, 
of  which  the  present  paper  is  descriptive,  and  this  more  especially 
>rith  regard  to  cast  iron  and  the  well-known  property  of  the  solid 
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floating  on  the  molten  iron  as  frequently  witnessed  in  foondiy 
ladles. 

Some  years  ago  the  author  made  a  number  of  experiments  with 
pieces  of  cast  iron  of  different  shapes  and  sizes,  which  were  placed 
on  the  surface  of  a  large  ladleful  of  molten  cast  iron,  the  results 
obtained  being  as  follows : — 

Several  pieces  of  pig  iron  were  first  tried ;  these  at  first  sank  and 
a  rush  of  hot  metal  took  place  upwards,  but  after  a  few  seconds  they 
rose  to  the  surface,  and  floated  with  very  lUtU  of  their  bulk 
above  the  molten  metaL 

A  piece  of  flattish  irregularly-shaped  cast  iron  floated  with  ai^ 
small  portion  only  of  one  of  its  comers  appearing  above  the  surface^ 
Pieces  of  flat  cast  iron  test-bars  were  carefully  placed  on  the 


(the  latter  being  well  skimmed),  these  floated  unihoui  going  heUncr-'^m 
the  surface.     One  of  the  test-bar  pieces,  which  was  put  in  end  oUk-  -*) 
kept  in  this  position  for  a  few  seconds  with  its  end  above  th< 
surface,  the  other  eud  then  came  up  and  the  piece  floated  on  i1 
flat  side. 

In  another  experiment,  a  cast  iron  ball,  about  three  inches 
diameter,  was  lowered  by  means  of  a  wire  on  the  molten  surface 
the  ball  at  first  disappeared,  but  in  a  few  seconds  rose  and  floatec^^^sd 
with  a  small  portion  of  its  surface  exposed.  On  being  raised  out  0^=^^^ 
the  molten  metal  it  showed  a  red  glow  on  the  lower  part,  and  wheif  ^^^i^ 
again  lowered  it  did  not  sink,  but  floated  with  a  larger  portion  abov*-  ^'^^ 
the  surface  than  before. 

Some  pieces  of  steel  rails  were  put  into  a  Siemens  steel-makin^.-^'^ 
furnace  filled  with  molten  metal ;  these  pieces  at  first  disappeared^:^) 
but  afterwards  rose  to  the  surface.     Some  other  pieces,  heatem^^ 
red-hot,  were  now  put  in ;  these  floated  without  sinking,  and  shuwo*  "^"^ 
a  little  of  their  bulk  above  the  surface. 

2.  Different  views  are  held  as  to  the  behaviour  of  cast  iron  whe^^o 
passing  from  the  molten  to  the  hot  solid  state^  and  finally  theieaft^^r 
to  the  cold  (or  ordinary  temperature)  state. 

Some  hold  that  the  molten  metal  on  solidifying  expands^  as  wats  ^r 
does  when  passing  into  ice,  and  that  it  retains  thiiy  ezpanaion  tosoM^ 
an  extent  that  the  cold  solid  is  specifically  lighter  than  the  Vqpud 
metaL     Others  hold  that  no  such  expansion  takes  place,  hot  th*^ 
through  cooling  the  cooled  solid  becomes  specifically  heavier  Ihta         f  ^ 
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the  molten  xnetaL  A  third  view  is  that  the  molten  metal  on 
Bolidifying  ex]p<xnd$y  and  that  it  thereafter  contracts  during  cooling 
iintQ  it  reaches  the  ordinary  atmospheric  temperature,  and  that  in 
this  condition  it  is  specifically  heavier  than  in  the  molten  state. 
In  reference  to  these  views  it  may  he  remarked  that  the  phenomena 
of  freezing  of  water  and  of  the  solidifying  of  molten  cast  iron  are 
not  quite  suitahle  for  comparison,  as  the  ice  formed  hy  the  solidifi- 
cation of  the  water  remains  at  the  same  temperature ;  the  iron,  on 
the  other  hand,  changes  in  temperature  after  solidification,  cooling 
gradually  until  the  temperature  of  the  surrounding  air  is  reached. 

It  is  sometimes  argued  that  the  sharpness  of  the  edges  of  castings 
from  iron  and  some  other  metals  is  due  to  the  assumed  expansion  on 
setting,  but  as  this  sharpness  appears  in  practice  to  be  attainable 
by  hot  run  metal,  whilst  dull  run  metal  gives  blunt  or  rounded 
edges,  it  is  doubtful  how  far  it  can  be  accepted  as  proving  any 
change  due  to  expansive  action. 

Again,  it  is  evident  from  foundry  practice  that,  so  far  as  the 

volume  of  the  finally  cooled  solid  and  the  volume  when  molten  is 

ooncemed,  that  an  allowance  of  about  -j^th  part  (varying  somewhat 

with  the  size  and  shape  of  casting)  has  to  be  made  in  patterns  as 

representing  the  lineal  contraction  during  such  cooling,  and  that  in 

consequence  we  must  conclude  that  the  cold  solid  is  specifically 

J%e(wieT  than  the  molten  metal      Under  these  circumstances  we 

naturally  ask  why  should  the  solid  metal  float  in  metal  specifically 

lighter  than  itself  1    It  is  obvious  to  any  one  who  has  made  such 

experiments  that  the  floating  of  the  solid  iron  cannot  be  due  to  any 

supposed  phenomena  of  expansion  at  setting,  as  the  piece  would 

lequire  to  be  heated  up  to  the  white  hot  condition  or  critical  point 

mi  which  it  would  just  begin  to  melt     And  it  is  found  when  the 

boating  pieces  are  taken  out  and  broken  through,  they  only  in  some 

cases — depending  on  their  size — show  a  dull  redness. 

3.  From  the  author's  experiments  already  mentioned,  and  from 
tDihers  since  carried  out  and  to  be  summarised,  it  appears  that  the 
huUcy  pieces  sink  ai  firsts  reappearing  at  the  surface  in  longer  or 
Sorter  times  according  to  their  weight  and  form,  and  that  small 
pieces  either  disappear  for  only  a  short  time,  or  remain  floating  on 
t;he  surface.  Indeed,  small  flat  shaped  pieces  are  unsuitable  for 
these  experiments,  as  the  constantly  forming  skin  on  the  molten 
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surface  interferes  with  their  movement,  larger  pieces,  especially 
those  of  a  ball  shape  having  a  maximum  of  weight  with  a  minimum 
of  surface,  being  to  be  preferred. 

The  conclusions  drawn  by  the  author  from  his  experiments  were, 
therefore,  that  when  the  cold  solid  comes  in  contact  with  the 
intensely  heated  molten  metal,  sufficient  expansion  is  induced  in  the 
solid  metal  as  to  give  it  the  required  buoyancy  to  rise  to  the  surface, 
and  that  this  may  occur  by  part  of  the  surrounding  heat  being 
converted  into  mechanical  work,  causing  a  sudden  increase  in  bulk, 
and  partly  by  a  dilatation  due  to  rise  of  temperature  of  the  solid. 
Indeed,  it  also  appears  likely  that  the  high  temperature  surrounding 
the  immersed  solid  (over  2000''  F.)  may  suddenly  cause  a  change  in 
the  condition  of  the  particles  of  the  solid  which  have  most  probably 
taken  a  strained  condition  during  cooling. 

That  some  such  condition  exists  in  castings  appears  probable,  ps 
in  some  cases  annealing  has  to  be  resorted  to,  to  prevent  liability 
to  fracture.  And  from  experiments  made  by  the  author  on  the 
deflection  and  set  of  cast  iron  test-bars,*  it  would  appear  that 
when  such  bars  are  at  first  loaded  and  allowed  to  deflect,  a  certain 
amount  of  set  is  observed. .  On  further  application  of  the  same,  or 
even  of  greater  loads,  this  set  decreases,  until  ultimately  no  set  is 
apparent,  showing  that  in  all  probability  the  work  done  by  the  load 
upon  the  bar,  has  up  to  this  point  been  one  of  freeing  the  particles 
from  a  local  strained  condition  due  to  cooling.  The  common 
foundry  practice  of  hammering  curved  castings  on  the  concave  side 
so  as  to  straighten  them,  also  points  to  relief  of  strain  in  the  particles 
by  the  vibration  set  up.  Such  a  strained  condition  may  very  well 
exist  even  in  so  simple  and  regular  a  form  of  casting  as  a  test-bar,  as 
the  outer  surfaces,  cooling  more  rapidly  than  the  inner,  must 
cause  compression  of  the  latter. 

4.  If  we  take,  as  in  common  foundry  practice,  -^h  part  (or  \  of 
an  inch  to  the  foot)  as  the  change  in  linear  dimensions  from  the 
molten  to  the  finally  cooled  solid  condition,  we  may  calculate  fona 
coefficients  of  expansion  the  temperature  to  which  the  cold  solid 
would  require  to  be  raised  to  enable  it  to  float  on  the  molten  metd. 
Thus,  if  we  take  the  rate  of  expansion  per  180*  as  -^^^^  put 

*  Trans,  Inst.  Engiiuers  and  Shipbuilders  in  Scotland,  vols,  t^^,  and  zzL 
MintUes  of  Prqc.  Inst,  C.R,  yoL  Mil.  part  It. 
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linear,*  we  would  require  a  temperature  of  about  1700°,  which  would 
be  a  bright  red  beat  at  least,  before  the  piece  would  have  sufficient 
increase  of  bulk  to  enable  it  to  float  Now,  from  variouB  experiments 
made  by  the  author,  it  appears  that  many  of  the  pieces  which  float 
show  little  or  no  redness  when  taken  out,  hence  some  other  action 
seemed  necessary  to  account  for  the  buoyant  tendency.  Belieying, 
however,  that  a  large  part  of  the  heat  might  disappear  as  work  of 
expansion,  the  author  has  carried  out  recently  a  large  number  of 
experiments  with  pieces  of  cast  iron  of  various  sizes  and  forms. 
These  were  carefully  callipered  before  immersion,  and  as  soon  as 
possible  after  being  taken  out  of  the  liquid  metal  in  which  they 
had  floated  (a  few  seconds  in  general  was  all  that  was  necessary  for 
their  reappearance),  and  it  was  found  in  every  case  that  a  large 
expansion  had  taken  place,  such  expansion  being  about  y^th  part 
at  least  of  linear  measurement  Here,  therefore,  we  have  a  sufficient 
change  of  bulk  to  account  for  the  floating  phenomena.  And  this  is 
the  more  remarkable,  as  although  the  change  in  dimension  is  equal 
to  the  shrinkage  in  cooling  from  the  molten  to  the  cooled  solid 
state,  yet  the  temperature  is  very  much  below  the  melting-point, 
as  in  some  cases  the  pieces  were  barely  red,  and  would  hardly  melt 
lead. 
5.  Some  of  the  experiments  may  be  enumerated  : — 

(1)  A  piece  of  a  test-bar  2  inches  broad  by  1  inch  thick,  and  filed 
<iown  exactly  to  1 2  inches  long,  was  placed  in  a  ladle,  floated,  and  was 
taken  out  within  half  a  minute ;  it  just  showed  redness,  and  it  was 
now  found  to  be  fuUy  ^  of  an  inch  longer  than  at  first  It  was 
callipered  from  time  to  time  as  it  cooled,  showing  a  decrease  in 
length.  Finally  cooled  in  water,  and  now  being  just  warm  to  the 
touch,  was  found  to  be  nearly  down  to  12  inches ;  when  quite  cold 
came  back  to  the  12  inches. 

(2)  A  cutting  from  an  1 1-inch  pipe  was  carefully  callipered  when 
cold,  and  found  to  be  exactly  11  inches  inside  measurement,  and  out- 
mde  12|-  inches ;  it  was  placed  in  a  ladle  holding  3  tons,  disappeared 
for  about  twelve  seconds,  came  up  to  surface  and  was  immediately 
lifted  out,  was  again  callipered  and  found  to  measure  inside  11^ 
inches,  outside  13  inches,  and  this  after  it  had  become  quite  dark ; 

*  Prof.  Rankine,  Manual  of  Civil  Engiiieering. 
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no  red  visible,  as  a  little  time  was  taken  getting  any  adhering 
knocked  ofL 

(3)  A  piece  of  pig  iron  8^  inches  long  floated  in  aboi 
seconds,  and  appeared  to  have  gained  about  -^  of  an  in 
length. 

(4)  A  piece  of  test-bar  2  in.  x  1  in.  x  9  in.  floated  in  abou 
seconds ;  showed  from  -^  in.  to  ^  in.  increase  in  length,  and 
dull  red ;  broken  through,  and  a  piece  of  lead  laid  upon  the  m 
the  lead  did  not  melt,  but  did  so  afterwards  when  pressed  be 
the  two  broken  parts  of  the  bar.  As  lead  melts  about  630*  I 
temperature  of  the  iron  could  not  have  been  much  above  thia. 

(5)  A  piece  of  a  casting  18^  inches  long  and  of  triangular  a 
was  found  to  measure  18^  inches  after  floating,  equal  to  ^ 
inch  of  increase,  was  dull  red ;  afterwards,  when  quite  blad 
•]^  in.  to  ^  in.  of  expansion.  A  piece  of  lead  laid  upon  it  d 
melt  for  some  time. 

(6)  Another  piece  of  a  test-bar  2  in.xlin.xl2in.  was 
after  floating,  it  was  taken  out  and  found  to  measure  12^  ii 
here  again  an  increase  of  \  of  an  inch  was  obtained,  and  tl 
was  barely  a  dull  red.  This  piece  was  again  put  in  ladle,  i 
easily,  and  was  taken  out  somewhat  red,  callipered,  and  found 
12^  inches  in  length.* 

(7)  Other  experiments  have  been  made,  but  sufficient  instance 
been  given  to  prove  the  large  increase  of  bulk  which  so  rapidlj 
place  in  all  these  floating  pieces  of  cast  iron.  The  author  the 
believes  that  the  cause  of  the  fioatation  is  in  the  increased  byiL 
obtained,  which  from  its  extent  is  quite  sufficient  in  itself  to  ec 
the  phenomena  satisfactorily,  as  it  will  be  observed  that  the 
ments  found  to  exist  were  practically  equal  to  the  decrement 
occurs  from  the  molten  to  the  finally  cooled  state,  and  thal^ 
fore,  the  floating  pieces  had  become  of  equal  bulk  to  an  equal  i 
of  the  liquid  metaL  It  may  be  mentioned  that  great  oare  was 
to  get  the  real  surface  of  the  pieces  after  being  taken  out  i 
ladles,  and  in  some  cases  the  parts  to  be  measured  were  oil 
coated  with  blacking  to  keep  the  surface  free  of  scum  or  loose  i 

*  From  measuring  the  pattern  of  these  test-bars  and  the  test-bars  thsa 
there  appears  a  difference  of  |  of  an  inch  in  a  length  of  42  incheiy  ahv 
shrinkage  of  rather  Un  than  |  of  an  inch  to  the  foot 
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(8)  With  the  yiew  of  ascertaining  the  rate  of  increase  due  to  rise  of 
tempeimtore,  some  experiments  were  made  by  heating  pieces  of  test- 
Imus  in  a  smith's  fire,  and  noting  the  extension  according  to  the 
tame. 

These  experiments  pointed  out  that  the  increase  of  size  is  at 
first  rapid,  and  thereafter  comparatively  slow ;  thus  a  piece  of  test- 
W,  2  in.xlin.xl3  in.,  had  two  centre  points  marked  upon  it 
exactly  12  inches  apart ;  it  was  placed  in  a  smith's  fire  and  heated 
fur  about  a  minute,  when  it  was  found  to  have  gained  about 
^  of  an  inch ;  would  not  melt  lead.  Again  heated  for  about  same 
time,  and  found  to  have  about  ^  of  an  inch  of  an  increase ;  still 
Uack,  and  did  not  melt  lead ;  heated  again,  and  now  found  to  have 
its  original  length  increased  by  ^  of  an  inch,  it  was  now  a  dull  red 
and  melted  lead,  heated  once  more  for  two  minutes^  and  now  a 
bright  red ;  but  the  increase,  very  little  if  any  over  the  ^  of  an  inch ; 
heated  again,  and  taken  out  white  hot,  when  it  broke  in  two  pieces. 
Another  piece,  same  size,  was  tried  by  heating  it  up  to  a  white  heat 
at  once,  time  about  four  minutea  The  expansion  was  nearly  ^  of 
an  inch ;  put  in  fire  again,  and  taken  out  very  white  hot  showed 
about  ^  of  an  inch  of  increase  in  the  12  inchea  Allowed  to  cool 
gradually,  and  in  seven  minutes  it  measured  12^  inches;  it  was 
now  quite  dark,  and  melted  lead  when  the  latter  was  rubbed  on 
the  bar. 

These  experiments  quite  corroborate  the  floating  metal  ex- 
periments so  far  as  the  rate  of  increase  in  size  goes,  viz.,  that 
at  first,  and  even  at  a  comparatively  low  temperature,  there  is  a 
large  increase,  and  that  thereafter  the  increase  is  much  less  in 
proportion  to  the  greatly  increased  temperature  even  at  white 
lieat 

The  author,  therefore,  thinks  that  both  experiments  prove  that  a 
large  part  of  the  first  applied  heat  disappears  in  work  of  extension, 
the  later  applied  heat  showing  more  distinctly  rise  of  temperature 
und  change  of  condition  of  the  metal  towards  melting. 

(9)  Some  experiments  were  carried  out  to  determine  the  question 
of  expansion  of  cast  iron  on  setting;  the  results  of  these  are, 
liowever,  not  favourable  to  such  an  action,  as  no  special  movement 
f^uld  be  detected.  And,  indeed,  all  the  practical  men  whom  the 
author  liaa  consulted,  agree  in  stating  that  they  have  not  observed 


556  Proceedings  of  the  Royal  Society 

any  each  action  in  their  experience.  Movements  of  the  liquid 
metal,  after  pouring,  have  heen  occasionally  noticed,  but  theee  are 
accounted  for  by  movements  of  cores  or  air;  the  necessity  for 
immediately  freeing  the  inetal  from  the  cores  on  setting,  is  pointed 
out  as  against  any  such  supposed  expansion,  as  the  tendency  is 
rather  to  shrink  and  tighten  up  against  the  inner  part  or  core. 

One  experiment  which  the  author  has  recently  made  may  be 
noted  as  pointing  out  the  great  difficulty  in  dealing  with  this 
subject,  so  as  to  get  rid  of  disturbing  causes  such  as  air  or  gas 
entangled  in  the  metal 

The  metal  was  run  into  a  mould  8  in.  x  5  in.  x  4  in.,  and  a 
wrought  iron  bar  about  18in.xlin.xlin.  was  laid  across  thu»— 


and  the  metal  brought  to   about  touching  the  bar ;  after  about 
minute  a  thin  moulder's  trowel  could  be  almost  passed  between 
bar  and  the  still  molten  metal     After  setting,  the  trowel  oouli 
hardly  be  put  in  as  before,  and  the  metal  thereafter  b^^  to  ri 
up  on  each  side  of  the  bar  thus — 


The  metal  had  now  assumed  an  orange  colour,  the 
below  the  bar  being  brightest  On  examining  the  metal  wL^ 
cold  it  was  found  that  the  space  or  difference  between  the 
and  low  parts  was  \  of  an  inch.  A  few  air  holes  being  obserr^'^^ 
on  the  top  of  the  casting,  the  metal  was  cut  through  at  ^^^ 
raised  and  flat  parts,  when  it  was  found  that  some  honeyeombi>^^ 
existed,  due  apparently  to  air  bubbles. 

In  some  other  experiments  made,  this  uprise  was  not  ob8err^'4 
and  it  appears  probable  that  the  uprise  of  the  sorfaee  of  the  metwr 
as  above  described,  was  due  to  the  pressure  of  air  ot  gaSi  whudi  ^ 
compression  due  to  shrinkage  was  forced  upwards,  no  other 
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Bing  po08ible.  The  upward  force  must  necessarily  have 
aa  it  was  insufficient  to  raise  the  bar  lying  on  surface 
\g  about  5  lbs.  This  view  the  author  finds  borne  out 
iger  of  the  foundry  where  this  experiment  was  made,  as 
liat  lie  has  noticed  the  same  action  at  times,  but  only 
aspresenty  such  as  when  draughts  of  air  played  over  the 
oasting.  The  presence  of  air  or  gas  also  accounts  for 
which  have  at  times  been  observed  to  take  place  in  the 
al  moulds  used  for  casting  balls,  as  the  author  has  been 
y  moulders  accustomed  to  this  work,  that  sufficient 
the  two  halves  of  the  mould  is  noticeable  to  show  the 
3tal  within,  but  that  this  is  due  to  air  or  gases  entangled 

Q  some  experiments  made  by  the  author  with  other  metals, 
hat  when  the  solid  pieces  float  that  their  bulk  is  also 
I  in  the  case  of  cast  iron.  Thus,  when  a  piece  of  gun 
^kced  in  a  crucible  of  molten  gun  metal  it  sank,  but 
speared;  on  being  taken  out  it  was  found  that  it  had 
1  length  by  -^th  part,  whilst  the  shrinkage  allowed  for 
)y  would  be  even  rather  less  than  that. 
*  bronze  also  floated  in  molten  phosphor  bronze  after 
laving  like  the  cast  iron  and  gun  metal  Type  metal 
ful  results  with  light  pieces,  heavy  pieces  going  to  the 
adle  and  remaining  there  till  melted.  Lead,  when  tried 
rge  pieces,  sank  to  the  bottom,  where  the  piece  could  be 
Lng  there  till  melted ;  and  incidentally  it  may  be  men- 
when  very  large  pieces  of  cast  iron  are  used  these 
ong  at  bottom  of  ladle  as  to  have  their  ends  melted  off 
g  to  surface. 


Oxycyanide,  and  a  New  Oxide,  of  Bismuth.  By 
[.  Pattison  Muir,  M.A.,  Fellow,  and  Prselector  in 
istry,  of  Gonville  and  Caius  College,  Cambridge. 

ker  (AnncUeriy  123, 61),  by  the  action  of  potassium  cyanide 
1  nitrate,  obtained  a  reddish-brown  salt,  to  which  he 
e  formula  £i205.2H20.     In  an  examination  of  the  oxides 
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of  bLsmuth  in  conjunction  with  Hoffmeister  and  Sobbe  {Chem,  Soe, 
Jour.f  1881 ;  Proc,  p.  21),  I  bad  occasion  to  prepaie  Boedeker^s 
salt;  a  slight  study  of  its  properties  proved  it  to  be  a  compound 
of  no  little  interest     When  a  concentrated  aqneouB  solation  of 
potassium  cyanide  is  added  to  a  solution  of  metallic  bismuih  in 
excess  of  nitric  acid,  and  the  mixture  is  boiled,  a  brownish-red  solid 
and  a  more  or  less  dark  red  liquid  are  obtained,  and  qoantities  of 
hydrocyanic  acid  are  evolved.     When  the  excess  of  nitric  acid  is 
nearly  neutralised  by  potash  before  addition  of  potasaimn  cyanide, 
the  colour  of  the  solid  is  a  much  lighter  brown,  and  the  supernatant 
liquid  is  nearly  or  quite  colourless.     When  a  large  excess  of  nitric 
acid  is  present,  no  solid,  but  only  a  red  liquid,  is  produced.     After 
very  many  trials,  this  method  of  preparation  was  abandoned,  and 
potassium  cyanide  solution  was  added  to  a  solution  of  crystallised 
bismuth  nitrate,  in  the  minimum  quantity  of  dilute  nitric  add: 
much  more  constant  results  were  thus  obtained.     Various  prepank 
tions  of  the  puce-coloured  salt  were  made,  using  varying  quantitiai 
of  bismuth  nitrate  and  potassium  cyanide ;  in  each  case  the  puoe- 
coloured   precipitate  was   washed  with   boiling  water   until  the 
washings  were  free  from  cyanogen  and  from  potassium ;  in  one  or 
two  instances  the  precipitate  was  also  boiled  with  extremely  dilate 
sulphuric  acid  (about  1  :  300),  and  again  washed  free  from  aeiil 
The  temperatures  at  which  the  various  preparations  were  dried  are 
noted  in  the  following  table.  |  ^ 

Inasmuch  as  BcBdeker  states  that  he  failed  to  obtain  evidence  of 
cyanogen  in  the  new  salt  described  by  him,  and  as  an  examination 
for  cyanogen  by  the  ordinary  tests  confirmed  this  result,  I  was  con- 
vinced that  the  salt  must  be  an  oxide  of  bismuth. 

Bismuth  was  determined  by  heating  over  a  Bunsen  lamp^  wheiebj 
the  salt  was  decomposed  with  production  of  bismuthous  oxide;  the 
loss  of  weight  (of  the  dehydrated  salt)  gave,  as  I  supposed,  the 
amount  of  oxygen  in  excess  of  that  required  to  form  Bi^Og.  Water 
was  determined  by  heating  in  a  current  of  dry  air,  and  determining 
the  increase  of  weight  of  a  calcium  chloride  tube  attached  to  the- 
apparatus  in  which  the  salt  was  heated. 

2.  The    following    table    contains    the    analytical   resnlti  ob- 
tained:— 
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Nol    Mode  of  Preparation. 


IL 


III. 


IV. 


By  addition  of  KCN) 
to  Bi  in  excess  of  > 
HNQg.*      .       .  J 


By  addition  of  KCN 
to  BiSNO,  in  ni- 
trie  acid  (exact 
proportions  not 
noted), 


•  J 


VI. 


Da 


KCy  :  BiSNO: 
1:1,    . 


do.+  ^ 
i3N0,=  V 


Da 


KCy  :  Bi8N0, 
8:1, 


da    ^ 
i8N0,=  V 


Do. 


X  do.    ^ 

KCy:Bi8N0,-    [ 
8-6:1,         .        .J 


Same  salt  as  No.  V. ) 
dried  at  . ) 


Do.  do.    ^ 

KCy:  BiSNO,-    [ 
2-6:1,         .       .J 


Do. 


%  da    ^ 

KCy:Bi8N0,=    V 
2-6:1,         .       .J 


Addition  of  KCN 
^excess)  to  Bi^O. 
in  slight  excess  of 
HCl,    . 


Temp,  at 
which  8alt 
was  Dried. 


160» 


160» 


I6(f 


160*  { 


icxr 


160" 


icxr 


160" 


( 


ISO" 


Percentages  of 

Bismuth 

Found. 


78-68;  82-21 


79-38;  80-29 


81-04 


79-93 ;  79-88  ;J 
78-97;  80-49.  ) 

78-07;  78-09;^ 
78-62;  78-86; 
water  in  this 
salt  ^1-6  per 
cent. 


79-08;  79-81 

76-07;  76-69;^ 
76-86;  water 
in  this   salt 
=   2-1     per 
cent 

76-39;  76-69  ;> 
77-31;  77-80; 
77-88 


79-46 


Mean 

Percentage 

of  Bismutn. 


80-37 


79-81 


8104 


79-82 


7972t 


7919 


7716$ 


77^ 


79-46 


Mean  Per- 
centage of 
Loss  on  Igni 
tiouyregarded 
as  Oxygen. 


19-68 


20-19 


18-96 


20-18 


20-28 


20-81 


22-86 


22-80 


20-66 


Bismnth 
Oxygen 


Mean  of  Means. 

-  78-86 

-  21-38 


Calculated  for  Bi^Oj. 
78-96 

2106 


Oxygen  in  excess  oyer  Bi,0,~  12*40 
Bi^O,:  excess  of  O 


12-08 
117:16 


-117:16-2 

^*  These  lesnlts  seemed  altogether  to  confirm  the  view  that  the 
^^^  to  which  Boedeker  had  given  the  formula  Bi205.2H20  contained, 

^    Many  other  preparations  made  by  this  method  were  analysed,  but  the 
^^^ts  Ysried  considerably  ;  the  above  is  given  only  as  a  specimen. 
^  l^is  salt  was  considerably  lighter  in  colour  than  the  others, 
^colated  on  the  dry  salt 


-v 
♦ 
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when  dried  at  150^  bismuth  and  oxygen  only,  and  these  in  the 
atomic  proportion  Bi^O^ . 

But  I  subsequently  found  that  the  supposed  oxide,  when  heated 
in  a  closed  tube,  evolved  a  little  ammonia.     I  also  proved  th 
presence  of  nitrogen  by  the  sodium  test     Determinations  we 
therefore  made  of  nitrogen  and  of  carbon,  the  former  by  bumiD^ 
with  soda  lime,  the  latter  by  burning  with  copper  oxide. 

1.  0*7075  gnn.  gave  0*0385  gnn.  N.  =4*08  per  oent.=7*49  per  cent,  cjanogen. 
t.  0-867      „        „     0-03fl5     „     N.    =4-20        „       =7-80       „  „ 

8.  1U8     „        „     0-W6      „    N.    =414        n       =7*«9       „ 

4.  0*8975    ,,       H     0*1375    ,,    CO3aB0-0848  gnn.  0=0-0754  gnn.  CN=9'10  per  cent  CTUiofeMr 

5.  1-3485    „       „     0145      „     CO,s>0*040      „    C=0'08«6    „     CN=7*00       „  ^ 

Determinatlont  of  water  made  dmoltaneooaly  with  thoee  of  carbon  gare  4*60  and  4-75 

cent. 

Hence  mean  percentage  of  cyanogen  =  7*81 

Da  do.         of  water       as  4*67 

The  preparation  used  in  these  analyses  contained  77*25  per  cei 

bismutL     The  mean  percentage  of  bismuth,  calculated  from  analyc 

of  those  preparations  which  were  dried  at  120°  and  contained  a 

little  water,  is  76*80  per  cent;   taking  this  number  and  4*67  a^ 

representing  the  amount  of  water  in  the  salt,  and  detennini ng 

oxygen  by  difference,  the  results  agree  very  well  with  the  comp^Hex 

formula  4Bi(CN)8.5BijO5.10HjO.     The  analytical  numbers  a^^ — ree 

fairly  well  with  the  formula  2Bi(CN)g.5Bis05.9HsO,  which  leqo^Hra 

bismuth  75*40,  cyanogen    7*78,  oxygen   11*98,  and  water  ^=.  -85 

per  cent 

jt^^^^A  Calculated  for 

round.    4Bi(CN),.5Bi,O,.10H,O^ 

Bismuth,    .        .        .     76*80  7672 

Cyanogen,.        .        .7*81  8 '16 

Oxygen  (by  difference),    10-72  10*44 

Water,        .        .        .4*67  469 


100  00  100-00 

Calculating  all  the  results  on  the  dry  salt,  numbers  are  obtmoed 

which  agree  better  with  the  formula  Bij(Cl^)fi^  than  witlx  tnj 

other. 

Found.  Calculated. 

Bismuth,   .        .        .     78*86  7878 

Cyanogen,  .  .8*14  8*87 

Oxygen  (by  difference),    18*00  12*85 

100*00  100-00 
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amnbeis  agree  also  very  well  with  the  formula  2Bi(CN)5 
which  leqnires  bismuth  7  9 '24,  cyanogen  8*18,  and  oxy- 
*58  per  cent  Various  other  formulsB  may  be  found,  agree- 
»xe  or  less  closely  with  the  analytical  results,  but  in  each 
mdc  proportion  of  oxygen  to  bismuth,  in  excess  of  that 
d  to  form  Bi(CN)3  or  Bi(CN)5,  must  be  expressed  by  a 
I  BijO.  where  x  is  not  less  than  5 ;  in  other  words  the  action 
saium  cyanide  has  been  an  oxidising  action,  while  at  the  same 
t)dacing  a  cyanogen  compound. 

Tnless  a  considerable  excess  of  potassium  cyanide  is  added, 
tie  of  the  new  salt  is  produced.  If  the  liquid  be  so  nearly 
.  before  adding  cyanide  that  one  drop  of  moderately  strong 
solution  produces  a  permanent  precipitate,  the  precipitate 
ed  by  the  cyanide  consists  of  nearly  pure  Bi^Og,  with  small 
aes  of  the  new  salt  If  there  be  rather  more  free  nitric  acid 
lis,  the  precipitate  produced  by  the  cyanide  is  rich  in  an  oxide 
mth  to  be  described  in  the  sequel,  viz.,  Bi^O^  (see  par.  5). 
ne  instance  one  part  of  potassium  cyanide  was  added  to  one 
bismuth  nitrate,  dissolved  in  the  minimum  quantity  of  dilute 
cid,  a  portion  of  the  liquid  was  boiled  for  three  or  four  minutes, 
other  portion  for  twenty-five  minutes.  The  precipitate  pro- 
in  the  latter  liquid  was  darker  in  colour  than  that  in  the 
,  and  contained  rather  less  bismuth;  the  lighter  coloured  salt 
led  81*59  per  cent,  bismuth,  the  darker  salt  gave  bismuth 
19  per  cent 

en  from  2  to  2*5  parts  potassium  cyanide  are  used  for  each 
ismuth  nitrate  in  solution,  and  the  liquid  is  boiled,  the  precipi- 
ery  quickly  becomes  of  a  uniform  puce-red  colour,  while 
pematant  liquid  is  reddish-brown.  The  best  results  are,  I  think, 
ad  with  this  proportion  between  cyanide  and  bismuth  nitrate. 
on  the  cyanide  solution  is  added  to  a  cold  solution  of  bismuth 
I,  an  almost  colourless  salt  is  thrown  down,  which  becomes 
ed  on  boiling;  this  colourless  salt  is  perfectly  free  frem 
i;en,  and  appears  to  be  bismuthous  oxide.  If,  however, 
jous  bismuthous  oxide  be  boiled  with  potassium  cyanide 
m*  no  change  occurs,  nor  does  addition  of  potash  induce  any 

*  ThiB  luM  been  confirmed  by  repeated  trials,  and  by  analjrslB. 
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reactioa  Although  the  liquid,  after  addition  of  the  cyanide,  is 
markedly  alkaline,  nevertheless  the  presence  of  free  acid  in  the 
bismuth  solution  is  necessary ;  that  this  acid  need  not  be  nitric  acid 
was  shown  by  adding  potassium  cyanide  to  solution  of  bismuthous 
oxide  in  slight  excess  of  hydrochloric  and  sulphuric  acids  respect- 
ively; in  each  case  the  puce^red  salt  was  obtained  on  boiling. 

It  is,  I  think,  evident,  that  to  ensure  production  of  the  new 
salt,  rapid  chemical  change — partly  oxidation,  partly  formation  of 
bismuth  cyanide — must  occur;  neither  bismuthous  oxide  nor  any 
other  salt  must  be  allowed  to  get  permanently  produced,  the  whole 
system  must  not  settle  down  into  stable  equilibrium  until  it  is 
forced  to  assume  that  configuration  of  which  the  complex  oxy- 
cyanide  is  a  component  part. 

6,  BUmtdh  Oxycyanide — probably  2Bi(CN)5.5Bij05 — ^when  dried 
at    140''-150''  is    a    reddish-brown    solid,  somewhat    similar 
appearance  to  lead  dioxide,  but  showing  a  more  decided  pu 
colour  than  that  salt     It  begins  to  undergo  change  at  about  200* 
but  the  loss  of  weight  at  that  temperature  is  small ;  about  half 
gram  of  the  salt  lost  3*50  per  cent  at  210%  and  7*50  per  cent  aK 
350*  (the  oxycyanide  in  changing  to  Bi^O,  loses  about  12  per  cent 
When  a  large  quantity  of  the  salt  is  heated  in  a  crucible,  a  conai< 
able  amount  of  metallic  bismuth  is  produced  ;  but  when  quantities 
from  0*5  to  1*0  grams  are  so  heated  the  residue  coDsiBts  only 
bismuthous  oxide« 

The  oxycyanide  scarcely  takes  up  water  when  exposed  to 
or  to  moist  air ;  thus  about  half  a  gram  increased  only  1*80  per  oei 
in  weight  after  144  hours'  exposure  over  water.     It  does  not 
change  when  covered  with  water  and  exposed  to  the  action 
sunshine. 

Bismuth  oxycyanide  is  dissolved  by  hot  concenlrafced  nitiie 
sulphuric  acid^  with  production  of  dark-red  liquids,  from 
water  causes  precipitation  of  red  substances  containing  bismn 
and  soluble  in  hot  potash  solution.  Hydrochloric  acid  dissolfes 
oxyc3ranide  more  slowly,  a  portion  remaining  undissolved  efen 
continued  action.  When  heated  with  a  dighi  excess  of 
these  liquids  yield  reddish  precipitates,  which  are  mostly  soliiUv  ^ 
hot  concentrated  potash  solution,  and  when  any  of  these  deep  wc/ 
acid  solutions  is  boiled  it  ia  very  eloiUy  decomposed  with  ttltim^^ 
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L  of  bismuthoTis  nitrate,  sulphate,  or  chloride.  When 
acid  ia  employed  as  solvent,  the  salt  which  separates 
seniration  is  probably  BiHSO^.SH^O  (47*9  per  cent 
wna  obtained  instead  of  45*95  per  cent  required  by 
ila).  The  specific  gravity  of  bismuth  oxycyanide  at  20* 
eferred  to  water  at   the    same    temperature  (mean  of 

4*61 ;    weighings  done  in  benzene,  specific  gravity  at 
04). 
luth  oxycyanide  is  readily  acted  on  by  hot,  and  more 

cold,  concentrated  aqueous  potash,  with  production  of  a 
t  red  liquid.  So  far  as  I  have  examined  this  action, 
per  cent  of  the  oxycyanide  is  invariably  converted  into 
Bi^O^,  while  25  per  cent  goes  into  solution.  This  change 
•  be  independent  of  the  quantity  of  potash,  provided  there 
and  of  the  time  of  action  of  the  hot  liquid  on  the  oxy- 

Jie  strongly  alkaline  red  liquid  is  neutralised,  preferably 
^chloric  acid,  a  reddish-brown  flocculent  precipitate  is 
hich,  after  washing  with  hot  water,  contains  the  whole 
miuth  originally  in  solution,  but  is  free  from  potassium. 
I  precipitate  has  been  dried  at  lOO"",  it  appears  as  a  nearly 
I  cystalline  substance  resembling  magnetic  oxide  of  iron, 
r  only  dissolved  by  long-continued  boiling  in  strong  acids, 
ation  of  deep  red  liquids,  which  are  scarcely  decomposed 
evaporation  to  dryness.  This  salt  is  strongly  decomposed 
'jed  to  redness  in  air,  with  production  of  bismuthous  oxide; 

a  limited  supply  of  air  a  portion  remains  as  metallic 
the  salt  contains  a  considerable  quantity  of  water;  it  is 
i,  otherwise  than  that  it  loses  water,  at  300**.  It  may  be 
BBolved  and  decomposed  by  treatment  with  bromine  and 
otasL 

made  many  analyses  of  this  peculiar  substance,  but  the 
ow  great  variations ;  inasmuch,  however,  as  the  prepara- 
his  substance  in  quantity  involves  the  use  of  much 
.  cyanide,  which  is  an  extremely  disagreeable  reagent  to 
ti,  especially  when  added  to  hot  acid  liquids,  and  the  ex- 

of  a  great  deal  of  time,  I  think  it  may  be  well  to  put  on 

lynopsiB  of  the  results  obtained. 

:.  3z 
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Prt-ct^dinys  of  th^c  Eoyal  S'jcidy 


No. 


II. 


IIL 


IV. 


V. 


Prepantion. 


Tenipu 


rben 


which   By  Preci-  in  Air.  mnd       ^^^^      niDiTAir| 


Dncd.  i-iution  as   weighing    Btowwpt  ¥ilk 
Carbonate.  B^idoca*    p^^jj.      HI* 


QxidflL 


^:?^Vj.^^V«[P»rtof>  j5^    23-7;  ao        24i)      i      78^ 
inveBtigatioc, .        . )  <  j 

Made  at  later  part  of  1  3^,    05.5.07-5 
investigation, .        .  J  ' 


Ma/le  from  same  ozv- 
cyanide  as 


&me  ozv- )  ' 
No.  II.',  /  , 


I 
300^ 


Made  from  same  ozy-  )     of^^ 
cyanide  as  No.  II.,   ]  \  ^^^  \ 


Made    from    another) 
preparation  of  oxy-  >• ,  300*  j 
cyanide,.        .        .) 


VI.  From  another  prepara- 1 
tion  of  oxycyanlde,   J 

VILProm  another  prepara-  ) 
tion  of  oxycyanide,   ) 


18-T5; 
(  7'08;670;921:W;4:]J  ffi;fi 
t   7-17;  7-77  ?«0;91-*Jlj»W^ 


16i 


6-7 


17i 


c.^  '(Bomed  with  soda  lime,  «Te3fr84p»<«^ 
^^  A  N.  -67-47  per  cent  CN.  ^  ^ 
r  Bnmed  with  soda  lime,  gave  S6-83pif  «*i 
orno  J  N. -67-45  per  cent.  CN.  Biinjd*^ 
^^  },    CnO.  gave To-SO  per  cent  a-M«P* 

L  cent,  CN. 


From  the  three  last  detenninations  I   conclude  that  the  sal 
probably  contains  a  considerable  quantity  of  nitrogen,  in  addia<» 
to  a  large  percentage  of  cyanogen.     The  variations  in  the  quantiW 
of  bismuth  found  are  remarkable ;  to  attempt  the  construction  of » 
formula  from  these  results  would  be  useless. 

7.  It  has  been  already  stated,  that  under  certain  conditions  {8» 
par.  4)  the  precipitate  formed  by  the  action  of  aqueous  potasflii* 
cyanide  on  bismuth  nitrate  contains  considerable  quantities  of  tW 
oxide  Bi^O^ ;  also  that  the  same  oxide  is  produced  by  the  acticai* 
hot  concentrated  aqueous  potash  on  bismuth  oxycyanide ;  the  »*• 
mation  of  this  oxide  in  the  first  of  these  reactions  is  almost  oeittfwJ 
to  be  traced  to  a  secondary  change  proceeding  after  the  prodncW 
of  the  oxycyanide. 

Various  preparations  of  the  new  oxide  were  made;  w* 
thoroughly  washed  with  hot  water  the  salt  contains  no  poti*W*> 
it  is  very  difficult  to  remove  every  trace  of  cyanogen;  after  «* 
analyses  detailed  in  the  following  table  had  been  made,  it  *** 
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d  that  the  yarions  preparations  when  mixed  contained  about 

per  cent  cyanogen  (mean  of  three  determinations — ^two  of 

igen,  and  one  of  carbon).    The  salt  after  drying  at  100^  is  anhy- 

fl.    The  analytical  results  are  collected  in  the  following  table: — 


Mode  of  Prepoiation. 


Addition  of  KCN  to> 
Bi  in  HNO^  and 
boiling  precipitate 
in       concentrated 
KOH,    . 

Similar  to  No.  L,  bnt^ 
precipitate  bv 

KCN  boiled  with 
▼ery  dilute  B^O^ 
before  treatment 
withKOH,    . 

KCNtoBi3NO,indi.) 

InteHNOs^andsub-r 
sequent  boiling  pre-  ( 
dpitate  with  KOH) 


Noe.  I.,  II.,  and  III.  ) 
mixed,  a^in  boiled  > 
with  KOH,  &C.,    .j 


Temp. 
at 

which 
Salt 
was 

Dried. 


Percentage  of 

Bismuth 

Found. 


100"     88*59 ;  89*05 


100"     88-34;  8873 


100» 


Mean 
Per- 
cent- 
age of 
Bis- 
mnth. 


88-82 


88-53 


88-43 


iay»    r8S-59;88-72;') 
^^    188-81  ;88-90;j 


Mean 
Per- 
cent- 
age of 
Oxy- 
gen. 


11-16 


11-47 


88-43 


8875 


11-67 


11-25 


o  o 


f 


J1 


0-91 


1-22 


Propor- 
tion of 
Bi,0,-. 
excess 
ofO. 


117;  11 


117;  1-5 


1-82 


1-00 


117;  1-6 


117;  1-8 


Mean  of  Means. 
Bismnth       .... 
Oxygen         .... 

Oxygen  in  excess  oyer  Bi^Og 

Bi,0,:  excess  of  0 


Calculated  for  Bi407. 
88-64  88-24 

11-86  11-76 


1-11 


1-66 


-  117; 1-4 


117; 1-9 


^he  best  method  of  preparing  this  salt  is  to  boil  a  solution  of  bismuth 
^te  in  the  minimum  quantity  of  dilute  nitric  acid,  with  three  or 
'  times  its  weight  of  potassium  cyanide  dissolved  in  a  little 
^f,  to  add  a  considerable  excess  of  potash,  and  to  continue  boil- 
l  ht  some  time ;  to  pour  off  the  red  liquid  and  boil  again  with 
^h  as  long  as  the  liquid  becomes  coloured,  to  wash  with  hot 
^  till  the  washings  are  quite  free  from  alkali,  and  to  dry  at 
<mt  150^ 
^^  salt  is  quite  unacted  on  by  hot  potash. 
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8.  BismuthO'hypobisniuthic  oxide  (I  tliink  the  oxide  Bi^O^  may 
be  thus  named)  is  a  heavy  dark  grey  crystalline  salt ;  the  specific 
gravity  varies,  according  to  the  method  of  preparation,  from  7*8  to 
8 '5  (at  20°  referred  to  water  at  the  same  temperature,  "weighings 
made  in  benzene),  which  is  higher  than  that  of  any  other  oxide  of 
bismuth.  This  oxide  suffers  no  loss  of  weight  at  300°;  it  gives  off 
oxygen  at  a  red  heat  with  production  of  Bi^Og.  It  undergoes  no 
change  either  in  ordinary  or  in  moist  air,  nor  is  it  affected  when 
covered  with  water  and  exposed  to  direct  sunlight  for  some  days.. 
Strong  hot  nitric  acid  readily  dissolves  this  oxide  with  formation  o^.^^ 
a  purple-red  liquid,  which  is  slmoly  decomposed  on  evaporatioiu^-^p 
A  solution  of  the  salt  in  strong  hydrochloric  acid,  which  solution-  ^on 
is  also  red-coloured,  is  more  quickly  decolorised  on  boiling ;  hotcoc^r^  q. 

centrated  sulphuric  acid  partly  dissolves  this  oxide,  forming  a  browt^ jj. 

red  liquid,  and  partly  converts  it  into  an  almost  colourless  salt,  Trhir         j. 

after  being  washed  free  from  acid,  appeared  to  be  (BiO)jS04H q 

(Bi  found  =  75*0  per  cent;  calculated  =  74*21  per  cent).    T^T^e 
sulphuric  acid  solution,  on  evaporation,  yielded  colourless  crysf";,^ 
which,  after  drying  on  a  porous  tile,  contained  about  56  per  cent^    oi 
bismuth  (Bi2.3S04  requires   59*32   per  cent.).     I   think  it  v"  «]y 
probable  that  the  green  oxide  of  bismuth  described  by  Arppe, 
{Pogg.  64,  237)  as  produced  by  the  action  of  boiling  nitric  acicl  on 
(so-called)  bismuthic  acid,  consisted  of  Bi^O^  containing  a  Little 
undecomposed  BijOg . 


6.  Mathematical  Note.     By  Mr.  T.  B.  Sprague. 


7.  On  the  manner  in  which  Silicon,  Phosphorus,  Manganese 
and  other  elements  exert  their  influence  upou  Steel 
By  R  Sydney  Marsden,  D.Sc,  F.RS.E.,  F.C.S.,  &c. 

{Abstract), 

This  paper  is  a  continuation  of  the  author^s  previous  psperofl 
"  The  state  of  carbon  in  iron  and  steel,  a  new  hypothesis  of  U* 
hardening  of  steel"  (read  on  the  19th  December  1881,  see  p.  SW)^ 
and  is  an  attempt  to  give  an  explanation  in  accordance  with  th* 
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yen  out  in  that  paper  of  the  manner  in  which  the  various 

I  most  common  in  steel  exert  their  influence  in  so  materially 

Qg  the  properties  of  the  metal 

ollowing  are  the  elements  the  action  of  which  is  considered, 

con,  sulphur,  phosphorus,  manganese,  chromium,  tungsten, 

oium. 

PRIVATE  BUSINESS. 

lang^s  motion  of  January  16th,  that  Law  XIY.  be  amended 
addition  of  the  words,  '*  Excepting  when  there  are  five 
8  in  January,  in  which  case  the  meetings  shall  be  held  on 
d  and  fifth  Mondays  of  that  month,"  was  adopted  by  the 
with  a  verbal  emendation.  The  following  words  were 
gly  added  to  Law  XIV. :  "  Excepting  when  there  are  five 
8  in  January,  in  which  case  the  meetings  for  that  month 
held  on  the  third  and  fifth  Mondays." 


Monday,  6th  March  1882. 

ftOFBSSOB  H.  C.  FLEEMING  JENKDI,  F.RS., 
Vice-President,  in  the  Chair. 

)hairman  intimated  that  a  letter  had  been  received  from  the 
Society  of  Naturalists  of  Moscow,  inviting  the  Society  to 
isented  on  the  14/2  May  1882,  at  the  celebration  of  the 
anniversary  of  the  graduation  of  its  Vice-President,  Dr. 
Renard. 


ollowing  Communications  were  read : — 

e  Effect  of  Flame  on  the  Electric  Discharge.     By 
A.  Macfarlane  and  Mr.  D.  Bintoul.     (Plate  IV.  a). 

roperties  of  flames  of  various  kinds  as  generating  electricity 
5rving  to  conduct  a  voltaic  current,  as  also  their  behaviour 
B  influence  of  a  charge  of  electricity,  have  been  investigated 
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by  several  philosophera*  But,  so  far  as  we  know,  the  efiect  of 
flame  on  the  electric  spark  has  not  been  methodically  observed,  or 
at  all  events  has  not  been  methodically  measured.  This  was  the 
problem  which  at  the  opening  of  the  College  session  presented 
itself  to  us,  and  the  results  now  attained  by  a  course  of  experi- 
menting appear  capable  of  throwing  some  light  on  the  solution. 

We  first  made  a  number  of  tentative  experiments,  for  the  purpose 
of  finding  out  the  general  aspect  of  the  phenomena,  and  the  con- 
ditions most  favourable  for  exact  measurement.  An  ordinary 
Bunsen  burner  served  to  supply  a  flame  luminous  or  non-luminous. 
It  was  always  connected  with  the  earth,  and  the  charged  body  was 
in  general  a  disc  of  4  inches  diameter,  connected  along  with  a  laige 
Leyden  jar  to  the  insulated  conductor  of  a  Holtz  machine  We 
tried  the  disc  in  a  position  above  the  flames,  but  found  that  the 
disturbing  conditions  introduced  were,  as  was  to  be  expected, 
rather  numerous,  namely,  the  heating  of  the  disc  and  the  covering 
of  it  with  soot,  and  the  melting  of  the  gutta-percha  covering  of  the 
connecting  wira  Hence  for  a  series  of  measurements  we  preferred 
the  disc  placed  in  a  position  at  the  side,  as  represented  in  the 
accompanying  figures.     (See  Plate  lY.  a). 

The  series  of  observations  finally  attained  are  recorded  in  Tables 
L  and  II. ;  they  are  supported  by  the  more  preliminary  obsenra- 
tions.     The  charged  disc  was  throughout  placed  at  the  side  of  the 
Bunsen  tube  in  a  vertical  plane,  and  so  as  to  have  its  centre  on  the 
same  level  with  the  mouth  of  the  tube.     The  conditions  varied 
were — fird^  the  nature  of  the  flame ;  second,  the  sign  of  the  chaige 
on  the  disc  ;  third,  the  height  of  the  flame ;  fourth,  the  distance  of 
the  disc  from  the  tube.     As  regards  the  first  variation  two  states 
/rere  observed,  the  one  being  the  clear  flame  without  any  luminosity, 
the  other  being  the  flame  as  luminous  as  possibla    The  height  of  the 
flame  was  varied  through  a  range  from  1  cm.  to  8  cm.,  but  sometio3^ 
the  range  was  extended  to  the  maximum  height  of  the  flame  (aboat 
20   cm.).     In  the  case  of  the  non-luminous  flame,  it  was  the 
height  of  the  apex  of  the  cone  that  was  measured  off;  while  in  the 
case  of  the  luminous,  it  was  the  extreme  tip.     The  total  height  of 
the  former  flame  may  be  taken  as  double  that  of  the  con&    ^^ 

*  A  rammaiy  of  what  has  been  done  is  given  in  a  recent  paptf  ^  ^^^ 
OarVs  BtperUtrium,  vol.  xvii.  p.  269. 
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distance  of  the  tube  was  varied  through  a  range  extending  from 
1  em.  to  7  cm. 

The  method  of  measuring  the  potential  required  to  produce  the 
spark  was  that  employed  in  Macfarlane's  previous  experimental 
The  special  arrangement  of  the  apparatus  is  indicated  by  the 
accompanying  plan. 

Earih 


E^ID 


Earttx 


Earih 


A  and  B  are  the  two  electrodes  of  a  Holtz  machine,  of  which  one, 
say  Ay  was  connected  with  the  earth.  An  insulated  wire  joined  B 
to  the  knob  of  a  large  Leyden  jar  C,  and  C  was  similarly  connected 
with  the  disc  D  and  with  the  insulated  ball  F.  G,  the  other 
insulated  ball,  was  connected  with  one  of  the  electrodes  H,  of  a 
Thomson  quadrant  electrometer,  the  other  electrode  K  being  earthed. 
An  uninsulated  metallic  plate  L,  with  a  hole  in  the  middle  of  it,  was 
placed  between  F  and  G,  for  the  purpose  of  diminishing  the 
influence  of  F  on  G.  This  is  a  modification  of  an  idea  introduced 
by  Professor  Chrystal,  namely,  the  placing  of  F  inside  a  metallic 
cube  having  a  hole  in  the  side  next  G. 


*  Tran$,  Boy,  Soc  Edin,,  voL  xxviiL  p.  633,  or  Phil  Mag,,  s.  6,  voL  x.  p. 

389. 
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Haying  decided  upon  onr  yariables,  we  diew  out  the  logical  plan 
exhibited  in  the  Tables,  and  proceeded  to  fill  in  the  obearvationB 
systematically.  We  first  observed  the  behayiour  of  the  flame 
under  the  influence  of  the  charge,  and  also  the  mode  of  passing  of 
the  spark,  and  then  proceeded  to  note  the  readings  of  the  electrometer 
for  three  separate  discharges.  It  will  be  obseryed,  that  where  the 
flame  was  in  a  steady  state  the  three  readings  differ  only  by  small 
quantities,  but  that  where  the  flame  was  in  what  may  be  called  a 
critical  condition,  the  differences  are  relatively  larger.  The  sign  of 
the  electricity  was  changed  by  interchanging  the  connections  at 
A  and  B,  and  that  was  always  accompanied  by  a  simultaneous 
interchange  of  the  connections  at  H  and  K,  in  order  that  any  bias 
due  to  the  electrometer  might  be  eliminated.  The  mean  differences 
of  potential  obtained  were  reduced  to  absolute  measure  by  taking 
the  mean  of  the  differences  of  potential  required  to  produce  several 
sparks  between  two  parallel  plates  at  a  distance  of  6  nun.  apart 
For  such  a  spark  the  absolute  value  of  the  difference  of  potential 
is  46-52  C.G.S.  units.* 

The  figures  sketched  (Plate  lY.  a)  indicate  the  behaviour  of  the 
flame,  and  the  path  of  the  spark  in  24  representative  cases.  They 
are  drawn  in  proportion  to  the  exact  dimen8ion& 

The  results  for  a  flame  of  constant  height  (Table  L)  are  repre- 
sented on  diagram  1.     The  first  conclusion  that  may  be  drawn  isi 
that  the  difference  of  potential  is  greater  when  the  disc  is  nega- 
tively electrified,  excepting  that  for  small  distances  there  may  b^ 
an  equality  or  even  a  small  difference  the  other  way.     The  nes^ 
conclusion  is,  that  it  is  greater  for  the  non-luminous  flame  at  tk 
smaller  distances,  but  very  much  the  opposite  at  the  greater  dj 
tances,  particularly  in  the  case  of  the  negative  luminousi     If  we  1<^« 
at  the  notes  or  at  the  sketches,  we  shaU  find  decided  differenoMb 
behaviour  coexisting  with  these  differences  in  ekctromotiye  tarn 
In  the  case  of  the  negative  electrification,  the  flame  in  gen.« 
assumes  a  pointed  form,  becomes  diminished,  and  loses  its  luminc* 
partially  or  wholly,  or  if  already  clear,  becomes  more  bluisk 
at  the  smaller  distances,  the  flame  being  able  to  form  a  bndgo 
to  the  disc,  remains  with  its  tip  in  contact,  and  there  are  wa 
the  above  changes.     On  the  other  hand«  in  the  case  of  the  pOf 

*  Trans,  Roy.  Soe.  Edin,^  vol.  zxviiL  p.  662. 
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dectrificationy  the  non-luminous  flame  is  not  attracted  powerfully, 
ind  it  retains  its  original  size  and  character,  while  the  luminous  one 
B  thrown  down  into  and  over  the  mouth  of  the  tube,  and  retains 
to  lominoflity.  If  there  are  convection  currents  they  must  be  such 
18  to  throw  oxygen  into  the  flame  in  the  former  case,  but  not  in  the 
latter. 

The  observations  recorded  in  Table  IL  were  undertaken  to  test 
irhether  the  difliBrence  of  potential  required  for  the  spark  depended 
largely  upon  the  height  of  the  flame.  Where  the  conditions  are  in 
common  with  cases  in  the  former  series,  the  observations  serve  as  a 
test  of  oonsistency ;  the  agreement  is  satisfactory.  Diagram  2, 
representing  the  results,  in  addition  to  confirming  the  conclusions 
drawn  from  the  preceding  diagram,  shows  that  the  variation  of  the 
height  of  the  flame  produces  little  change  in  the  electromotive 
force,  when  the  flame  is  non-luminous;  also  when  the  flame  is 
luminous  and  the  electrification  positive,  but  that  it  produces  a  great 
differenoe  in  the  remaining  case,  when  the  flame  is  luminous  and 
the  electrification  negative,  so  long  as  the  flame  is  not  sufficiently 
high  to  reach  the  disc.  Though  the  flame  is  attracted  so  as  to  be 
in  contact  with  the  disc,  the  discharge  still  passes  in  the  form  of  a 
spark. 

This  investigation  was  made  in  one  of  the  fine  suite  of  rooms 
raeently  added  to  the  Physical  Laboratory,  and  in  conducting  it 
we  had  every  facility  given  us  by  Professor  Tait. 
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2.  Observations  on  Vegetable  and  Animal  Cells ;  their  Struc- 

ture, Division,  and  History.  Part  L,  The  Vegetable  Cell 
By  J.  M.  Macfarlane,  B.Sc  Communicated  by  Professor 
A.  Dickson. 

3.  On  some  Points  in  the  Anatomy  of  the  Nervous  System  of 

the  Pond  Snails,  Planorbis  and  Lymnseus.  By  F.  E. 
Beddard,  B.A.,  New  College,  Oxon.  Communicated  by 
Mr  P.  Geddes.. 

The  best  figures  of  the  nervous  system  of  these  animals  are  those 
of  Lacaze-Duthiers,  in  his  Paper  8ur  lea  Otocystea  des  Molluaques, 
and  in  that  8ur  le  Systhne  Nervetix  des  Gasteropodea,*  By  a  care- 
ful study  of  the  nervous  system  of  these  two  gasteropods,  chiefly  by 
cutting  sections,  I  have  discovered  one  or  two  small  points  in  their 
anatomy  which,  as  far  as  I  can  make  out,  have  hitherto  escaped 
attention. 

These  two  types,  though  so  closely  allied,  differ  to  a  considerable 
extent  in  the  arrangement  and  structure  of  certain  of  their  ganglia ; 
compare  the  figures  given  by  Lacaze-Duthiers  of  the  nervous  system 
of  LymnaBus  on  Plate  xviL  in  YolimiB  i  of  his  Archives  with  that 
of  Planorbis  on  Plate  iiL  of  the  same  volume.  It  will  be  seen  at 
once  that  the  cerebral  ganglion  of  LymnsBus  is  far  more  complicated 
than  that  of  Planorbis,  consisting  of  five  separate  lobes,  while  that 
of  Planorbis  appears  to  be  made  up  of  not  more  than  two. 

Otherwise,  the  nimiber  of  ganglia  in  the  two  is  the  same,  but  the 
asymmetry  is  different,  the  larger  parietosplanchnic  ganglia  being  on 
the  right  side  in  LymnsBus  and  on  the  left  in  Planorbis. 

By  cutting  several  series  of  sections  of  the  whole  nervous 
system  of  Planorbis  and  Lymnseus,  and  arranging  them  carefully  in 
order,  one  or  two  more  points  of  difference  in  structure  have  been 
noticed.  In  fig.  1,  which  represents  a  complete  section  taken 
through  the  nerve  collar  of  Lynmeeus  at  the  level  of  the  pedal 
ganglia,  it  will  be  seen  that  these  ganglia  are  united  by  a  double 
commissure,  the  lower  of  the  two  commissures  is  much  slighter  than 
the  upper,  and  was  far  more  difficult  to  find ;  the  upper  stouter 

♦  Archives  de  ZooU  Expirim,  et  Oinirale,  toL  L  1S72. 
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Bsore  is  shown  in  every  series  of  sections  prepared.  M.  de 
)-Duthiei8  *  figures  and  describes  three  distinct  commissures, 
ch  the  two  upper  are  stout,  while  the  lower  one,  which  evi- 

corresponds  to  the  lower  one  of  the  two  that  I  have  described, 
der,  and  gives  off  from  the  middle  an  unpaired  nerve  running 
aids,  the  distribution  of  which  was  uncertain.  Whether  this 
)  (or  treble)  commissure  is  an  expression  of  the  compound 
)  of  the  pedal  ganglia,  which  are  generally  supposed  to  have 
ited  from  a  primitive  ventral  ganglionated  chain  by  the  fusion 
L6  of  the  ganglia  and  the  suppression  of  others,  is  doubtful ; 
g  from  analogous  cases,  it  would  appear  probable  that  it  is 
M.  Yung,t  in  a  paper  on  the  nervous  system  of  the  Decapod 
Bcea,  describes  the  abdominal  ganglia  as  being  joined  by  three 
Lssures ;  as  there  is  one  ganglion  to  each  abdominal  segment  in 
[ftcrura,  it  does  not  seem  possible  that  they  can  have  been 
illy  represented  by  several  ganglia.  So  much  for  Lymnseus. 
.norbis  the  arrangements  are  a  little  different,  there  are  the 
two  commissures  (fig.  2),  but  the  lower  one  is  much  stouter 
t  is  in  Lymnseus,  and  therefore  is  much  more  easily  seen, 
1  it  seems  to  have  escaped  notice. 

great  point  of  difference  between  the  two  types  studied  is, 
L  Planorbis  there  is  a  small  unpaired  median  ganglion  which, 
3etween  the  pedal  ganglia  and  on  the  lower  of  the  two  com- 
es, unites  them.  This  is  itself  connected  with  one  or  both  of 
lal  ganglia  by  a  commissure,  which,  though  independent  of  that 
g  the  two  pedal  ganglia,  yet,  as  is  shown  in  the  figure  (fig.  6), 
on  it  This  ganglion  is  shown  in  figure  2  in  position,  and  in 
S  more  highly  magnified,  so  as  to  bring  out  its  constituent  cells. 
it  J  small  in  extent,  not  more  than  four  or  five  cells  in  thickness, 
almost  impossible  to  miss  in  a  carefully-cut  series  of  sections ; 
Us  are  of  uniform  size,  and  not  large.  From  the  under  surface 
)aired  nerve  is  given  off,  which  is  no  doubt  homologous  with 
Bscribed  and  figured  by  M.  de  Laoaze-Duthiers  in  Lymnseus, 

Lymnseus  I  have  found  no  trace  of  this  small  unpaired  lobe, 
npaired  nerve,  on  the  contrary,  does  not  seem  to  be  peculiar 

:.  eii.,  pi.  xvii.  fig.  4. 

lie  Yung,  ''Syst^me  Nerveux  chez  les  Cmstac^es  D^capodes, "  ^rc^ 

xpdr,,  1878,  vol.  vii. 
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to  these  two  species ;  it  is  figured  by  Spengel  *  in  Gastropteion  and 
Aplysia,  and  by  Von  Ihering  f  in  these  two  types  as  well  as  in 
Bulla  and  Acera.  A  double  commissure  between  the  pedal  ganglia 
is  very  general,  and  in  a  few  cases,  as  in  Lymnssos,  acooiding  to 
Lacaze-Duthiers,  there  is  a  treble  commissure;  a  glance  at  Yon 
Ihering^s  plates  will  show  this.  Whether  this  gang^on  just  de- 
scribed is  limited  to  Planorbis,  or  whether  it  is  general,  I  do  not  at 
present  know,  but  hope  to  study  the  nervous  systems  of  a  number 
of  Mollusca,  with  a  view  of  determining  its  nature  and  distri- 
bution. 

In  the  same  two  sections  (figs.  1  and  2)  may  be  seen  a  mass, 
unpaired  in  Planorbis  and  paired  in  Lymnseus,  lying  above  the 
cerebral  ganglia,  on  the  commissure  uniting  thenu  It  has  been 
hitherto  regarded  merely  as  a  part  of  the  cerebral  ganglion,  and  if 
it  is  really  so,  its  structure  is  very  peculiar;  from  studying  it  in 
sections  and  by  teasing,  it  appears  to  me  to  be  rather  of  a  glandular 
nature,  judging  from  its  structure  and  relations. 

It  will  be  best  to  commence  with  a  description  of  this  structure 
in  Lymnseus,  and  I  may  say  that  the  description  below  refers  to 
Lymncetia  stagnalis,  while  the  species  of  Planorbis  described  ii 
Planorbis  comeus.     Fig.    5   represents  the  cerebral    ganglion  of 
LymnsBUs,   and    that    portion    of    it    lettered  a   is    now  under 
discussion;  it  will  be  seen  that  the  commissure  5,   uniting  thS' 
ganglion  to  its  fellow,  has  in  reality  nothing  to  do  with  this  lobe^ 
but  takes  its  origin  from  the  larger  part  of  the  ganglion,  and  merel] 
passes  under  the  lobe  a.     In  the  fresh  ganglion  this  part  u 
readily  distinguiBhable  from  the  rest  from  its  being  of  a  whiti8l=3 
eolour,  containing  none  of  the  red  pigment  which  is  distributacizz? 
universally  in  the  cells  and  their  processes  of  the  vest  of 
cerebral  ganglion  and  in  the  other  ganglia.     LaoaEe-Duthiers 
of  it :  {  '^  U  se  fait  distinguer  sur  Tanimal  vivant  par  son  opadt^  ^i 
sa  teinte  blanch^tre,  tr^  saillant  surtout  dans  le  Lymnaau  dagtialmf, 
il  Test  un  peu  moins  dans  les  deux  autres  esp^ces.     D  est  fonn^  de 
corpuscles  relativement  fort  petits  et  qui  ressemblent  k  oeax  qo? 

*  "  Die  Geruchsor^ne  nnd  das  Nervensystem  der  Molluflken,"  StUtKkr*/^ 
Wisaenach,  Zool.,  1881,  plate  zrii.  figs.  7,  8. 
t  NervensytUm  der  MoUuaken^  Leipe.,  1877,  plates  iiL  and  if. 
I  Loe,  cU,f  p.  443. 
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'onve  m^lang^  aux  gros  corpuscles  da  milieu  du  ganglion.  La 
BUI  do  ces  coipuscles  est  unif  oima  Us  semblent  6tre  des  noyaux 
6  d^passent  pas  de  faibles  proportions.  Aussi  ne  trouye-t-on 
I  mSl6B  k  eux  ces  grands  corpuscles  ganglionnaires  qui  occupent 
lieu  du  cerveau.  ....  Arrondi  du  c6t^  de  la  commissure,  ce 
)  semble  s^par^  par  deux  lignes  f  ormant  un  angle  du  cdt^  du 
ion  en  dehors,  on  croirait  que  le  n^vril&me  I'entoure  et  I'isole." 
3  author  goes  on  to  say  that  this  mass  is  found  in  all  the 
3nata,  and  that  researches  are  wanted  to  establish  its  functions 
"elations  with  other  parts  of  the  ganglion.  It  is  therefore 
itly  something  distinct  from  the  rest  of  the  ganglion.  The 
se  of  the  red  pigment,  which  is  so  characteristic  of  the  nervous 
a  of  Lymnffius,  is  so  very  remarkable,  if  this  lobe  is  to  be 
led  as  merely  a  part  of  the  cerebral  ganglion ;  and  again  the 
hat  it  is  divided  off  from  the  rest  by  a  connective  tissue 
JBL,  while  none  of  the  other  lobes  into  which  the  cerebral 
A  are  portioned  show  any  signs  of  such  a  complete  separation, 
bo  point  to  its  being  a  distinct  structure. 
.  4  represents  a  vertical  section  taken  through  the  cerebral 
on  of  one  side ;  b  is  the  commencement  of  the  commissure 
unites  it  to  the  other  cerebral  ganglion ;  c  is  the  commis- 
rniting  it  with  the  pedal  ganglion;  a  is  the  ''white  lobe" 
)  ganglion.  A  glance  at  this  drawing  will  show  at  once  how 
snt  it  is  in  general  appearance  from  the  rest  of  the  cerebral 
on;  it  is  made  up  of  small  rounded  cells  packed  closely 
ler,  so  as  to  give  the  appearance  occasionally  of  being  poly- 
When  separated  by  maceration  in  weak  chromic  acid  and 
j[uent  teasing,  each  of  these  cells  is  oval  or  roundish,  occasion- 
•hree-comered  with  the  comers  rounded  off;  the  nucleus  is 
but  not  nearly  so  large  in  proportion  as  the  nucleus  of  the 
iiy  nerve  cells  from  the  ganglia ;  they  are  very  similar  in 
d  appearance  to  certain  glandular  cells  from  the  penis  of  the 
animal,  but  a  good  deal  smaller.  No  signs  of  any  nerve 
either  within  the  mass  or  connecting  the  two  were  visible, 
sections  of  the  nervous  system  prepared  with  different  reagents 
ppearances  presented  by  the  "  white  lobe  "  are  very  different 
the  rest  of  the  ganglion.  When  stained  with  gold  chloride, 
dinary  nerve  cells  are  coloured  with  various  shades  of  blue 
)arple,  the  nuclei  being  left  altogether  unstained,  while  the 

*XL  i  A 
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cells  of  the  ''  white  lobe  "  are  tinted  of  a  uniform  pale  lilac,  thei 
being  but  a  very  slight  distinction  between  the  nucleus  and  thece 
protoplasm.  This  *'  white  lobe  "  also  presents  the  appearance  of 
firm  solid  cellular  mass,  while  the  other  part  of  the  cerebral  ganglio 
consists  of  an  outer  sheath  of  nerve  cells  of  various  aises,  and  a 
inner  core  of  nerve  fibrea  When  hardened  and  stained  by  osm 
acid,  there  is  still  a  noticeable  difiference ;  the  ordinary  nerve  eel 
within  the  ganglia  are  coloured  brown,  the  nucleus  being  le 
unstained,  or  coloured  more  or  less  faintly ;  while  the  cells  makii 
up  the  white  lobe  are  coloured  on  the  whole  much  more  faintl 
than  the  ganglion,  but  the  nuclei  are  rendered  conspicuous  by  beii 
stained  more  deeply  than  the  surrounding  protoplasm. 

The  homologous  structure  in  Planorbis  (see  figs.  1,  2)  is  a  lai:^ 
single  mass  lying  over  the  commissure  uniting  the  two  cerebri 
ganglia;  it  is  figured  by  Lacaze-Duthiers,^  but  is  not  special! 
described  by  him.  Though  this  mass  in  Planorbis  is  single,  it  hi 
a  deep  depression  in  the  middle,  which  gives  it  a  kidney-shape 
outline  in  transverse  section.  In  structure  it  is  altogether  similt 
to  the  corresponding  part  in  Lymn»us,  that  is  to  say  the  cells  whic 
make  up  the  mass  are  quite  alike  in  both  animals,  but  their  anmng< 
ment  is  rather  different  in  Planorbis.  As  is  shown  in  figure  3,  th 
whole  mass  is  distinctly  lobulated,  the  lobules  being  separated  froi 
each  other  by  trabecule  of  connective  tissue ;  it  is  not  unlike  Ui 
salivary  gland  of  the  same  animals,  but  in  a  number  of  section 
both  structures  were  visible  in  the  field  of  the  microscope  at  once 
and  then  there  was  no  possibility  of  confounding  them ;  the  cell 
of  which  the  salivary  gland  is  composed  are  a  great  deal  larger,  ami 
the  nucleus  is  far  more  distinct — there  are  of  course  numerous  othei 
minute  points  of  difference ;  but  what  I  wish  to  dwell  on  in  the 
present  paper  are  the  points  of  resemblance  rather  than  differenoei 
to  show  that  this  "  white  lobe  "  must  be  considered  as  a  gland. 

The  facts  then  about  the  anatomy  of  the  "white  lobe"  i^ 
Planorbis  appear  to  point  to  one  conclusion — that  this  part  of  tki 
cerebral  ganglion  must  not  be  considered  as  really  forming  a  psii  <: 
the  cerebral  ganglion,  but  as  being  distinct  and  of  a  glanduifl 
nature ;  and  if  this  is  granted  in  the  case  of  Planorbis,  it  must  b* 
the  same  with  Lynuueus,  as  their  position  and  general  resemUu^^^ 
leaves  no  room  for  any  other  view  than  that  they  are  homoJapHi' 

*  Loe,  eiLf  pL  iii.  fig.  10. 
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stractnies.     Moreover,  there  is  really  nothing  which  would  make  it 

unlikely  on  apriori  grounds  that  this  interpretation  is  the  right  one. 

U.  Joliet  has  recently  come  to  the  conclusion  that  the  so-called 

ganglion  of  Melicerta  *  is  not  a  ganglion  at  all,  hut  a  gland.     What 

'the  nature  and  homologies  of  this  gland  may  he,  is  a  question  which 

^^an  only  he  decided  hy  a  careful  study  of  other  Mollusca  and  of  its 

<ievelopment ;  several  views  as  to  its  nature  ohviously  suggest  them- 

^•elves,  hut  in  the  ahsence  of  any  more  comprehensive  information 

"^lan  is  contained  in  this  paper,  it  would  he  mere  waste  of  time  to 

<5onai(ier  any  of  them. 

Platb  L 

Fig.  1.  Transverse  section  through  nerve  collar  of  Lymnseus,  x  20. 

l^ig.  2.  Transverse  section  through  nerve  collar  of  Planorhis,  x  20. 

f^ig.  3.  Transverse  section  through  cerehral  ganglia  of  Planorhis, 

showing  glandular  mass  (a)   lying  above  commis- 
sure, x  120. 

^xg.  4.  Transverse  section   through   one    cerebral    ganglion    of 

LymnsBUs,  showing  glandular  mass  (a)  lying  above 
commissure,  x  120. 
ig.  5.  Cerebral  ganglion  of  LymnsBUs,  showing  commissure  (6) 
which  unites  it  to  its  fellow,  and  glandular  mass 
(a),  X  20. 

i^.  6.  Transverse  section  through  pedal  ganglion  of  Planorhis 
(a),  is  the  unpaired  small  medium  ganglion,  x  75. 

i^.  7.  Single  *'  acinus  **  from  glandular  mass  of  Planorhis,  x  300. 

i^.  8.  Nerve  cell  (a)  from  cerebral  ganglion  of  LymnsBUs  and 
"  gland  cells  "  (h),  x  300. 


•  -A.  Critical  Examination  of  two  cases  of  unusual  Atmo- 
spheric Eefraction  described  by  Professor  Vince.  By 
Edward  Sang,  C.E. 

*^e  two  phenomena,  the  subjects  of  the  present  paper,  have 

^*^Uti^  a  place  in  the  current  popular  scientific  literature  of  the  day, 

*ti^  exercise  a  considerable  influence  on  the  opinions  of  the  casual 

Notaries  of  science,  and  even  of  some  of  those  who  are  its  regular 

^^tivators.     For  that  reason  I  shall  go  more  into  detail  than  other- 

^^  would  have  been  needed. 


i 
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In  the  beginning  of  the  session  Professor  Tait  read  a  paper  on 
Mirage,  and  exhibited  to  the  Eoyal  Society  of  Edinburgh  an  enlarged 
representation  of  an  aerial  phenomenon  described  by  Professor  Yinca 
The  Professor  of  Mathematics  inquired  of  me  my  opinion  as  to  the 
explanation  offered;  and  I  now  reply  to  Mr.  Chrystal's  inquiry 
indirectly,  not  by  discussing  in  any  way  Mr.  Tait's  analysis,  but  by 
examining  the  major  proposition,  the  reality  of  the  phenomenon. 

The  sight  of  the  enlarged  representation  recalled  to  my  min(L 
matters  connected  with  my  college  and  even  with  my  school  days. 
The  name  of  Vince  is  to  me  a  familiar  one ;  his  elementary 
on  Astronomy  was  our  text-book  at  school  and  I  had  read,  with  no 
less  pleasure  than  profit,  his  little  work  on  Hydrostatics ;  his 
work  on  Astronomy  stands  on  my  book-shelf  for  frequent  referen 
Any  observation  made  by  Yince  thus  naturally  arrested  my  attentio: 
and  pre-secured  my  confidence.  Nevertheless,  there  were  featureless 
in  that  drawing  which  awakened  a  long-confirmed  distrust,  an^  .d 
which  seemed  to  me  to  need  a  careful  examination. 

We  boys  of  twelve  or  thirteen  years,  had  determined  the  latitu(^E5e 
by  our  own  observations  made  with  the  school  sextant  and  artifici^ssal 
horizon.  We  knew  of  the  augmentation  of  the  moon's  diameter, 
by  actual  measurement  had  satisfied  ourselves  that  the  enlargem 
of  the  horizontal  moon  is  only  an  error  in  judgment  due  to 
seeming  increase  of  distance.  The  stories  of  phantom  ships 
giant  spectres  were  classed  among  those  of  ghosts  and  hobgoblina' 

During  my  first  session  at  college,  an  incident  occurred  to  intenaoLfy 
this  chronic  distrust     One  misty  morning,  while  going  to  cl&» 
from  my  lodgings  in  Gayfield  Square,  and  when  at  Picardy  Places  / 
was  startled  by  the  apparition  of  enormous  spectres  walking  in  the 
sky.     The  first  momentary  astonishment  being  over,  the  appaiitzon 
had  to  be  scrutinised.     The  outline  of  the  Calton  Hill  was  with 
difficulty  traced  through  the    mist;   the  spectres   were  walking 
thereon;    it  was  therefore  a  case   of    atmospheric  magnificatton 
analogous  to  the  seeming  enlargement  of  the  horizontal  moon;  ^ 
by  moving  so  as  to  bring  the  figures  to  contrast  with  the  hooses  near, 
it  was  easy  to  see  that  the  angular  magnitude  was  that  of  hxas^ 
beings  on  the  hill     The  illusion  was  due  to  the  false  idea  of  dis- 
tance, but  the  vividness  of  the  first  impression  showed  how  readily 
a  mistake  may  be  made,  and  left  on  my  mind  a  deep  oonviciioo  »       m^ 
the  absolute  need  ioi  a  do^  o^TvsXVii^  cA  i!&.  ^\ich.  appeazaaoea 
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I  am  then,  necenuily,  in  the  poaitioii  of  aa  adTocate  on  tiie 
oppoflito  ride  engaged  in  cn}B»«xamiiung  a  witneaa. 

In  tha  article  Optioh  of  the  eighth  Edition  of  the  Eneydopadia 
^riianniea,  an  article  by  Sir  David  Brevster,  there  ia  recoanted 
a  caae  of  Atmoepheric  Befraction  observed  and  deacribed  hj 
ProfeMOT  Viace;  it  ia  illustrated  by  a  copy  of  a  view  of  the 
phenomenoD.  A  ein^e  glance  at  that  picture,  by  any  one  habitu- 
ated to  observation,  ia  enough  to  convince  him  that  the  phenomenon 
^uereby  depicted  could  never  by  poasibility  have  been  seen.  It 
**  a   view  of  Dover  Castle  aa  seen  from  Eam^te,  and  repreeents  a 


^^*^taugiilar  building  with  a  square  turret  at  each  comer.     Passing 

^>  for  the  present,  its  most  glaring  feature,  I  remark  that  the 

^^'^s  to  the  right  hand  are  in  deep  shadow,  the  shadow  of  the 

""^ilfJing  itself  upon  the  ground  is  also  to  the  right    The  facee 

^"^aid  US  are  in  sunshine,  and  the  tower  on  the  left  throws  its 

^^dow  oa  the  centre  wall  as  if  from  a  sun  behind  ns  to  the  left 

'*  Alt  admuth  of  some  40°.    The  side-wall  again  forms  a  shadow 

^*  1^  right  hand  distant  tower  at  an  elevation  of  some  60°.     Now 

*^Ver  is  almost  exactly  8.S.W.   from  Bamsgato,  wherefore  the 

****    must  have    been  in  the  N.K   at  an  elevation  of  60°;  a 

'^'^ction  from  which  the  sun  never  ehone  upon  Great  Britain. 

"^  time  of  the  observation  is  stated  to  have  been  7  o'clock  in 

^^  evening  of  the  6th  August.     At  that  time  the  son  was  about 

***  "et  in  the  W.N.W.     Surely  the  Professor   of  Astronomy  at 

^'^mbridge  could   not  have  made  a  blunder  which  puts  the  sun 

"^  Uie  neighbourhood  of  the  star  Yega,  circumpolar  to  us  [    The 

"^tle    in    the    Encydopadia   concludes    with   "See   Ediitburgh 

Troi 


,  vol.  iv.  p.  246 ; "  and  as  evidence  at  first  hand  la 
^'*«  than  evidence  by  hearsay,  we  shall  consult  the  Traruaelwiu. 
"^  there  find  the  original  description  of  the  phenomenon  as 
'^  before  the  Boyal  Society  of  Edinburgh,  on  the  Kth  of  Janu- 
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ary  1807,  accompanied  by  an  engraying  well  executed  by  D. 
Lizars. 

The  engraying  shows  a  rectangular  stnictnxe  with  a  tower  at 
each  comer,  drawn  in  what  is  usually  called  pergpeeiive.  The 
west  faces  of  the  building  are  in  bright  sunshine;  the  north 
faces  are  less  brilliantly  lit,  but  are  not  in  shade,  and  the  N.W. 
turret  casts  a  shadow  on  the  middle  North  Wall. 

Brewster  had  changed  the  direction  of  the  source  of  light  from 
W.  to  K ;  he  had  put  a  gate-way  in  the  north  wall  where  Vince 
has  none ;  had  altered  considerably  the  style  of  the  architecture, 
and  had,  in  one  respect  to  be  afterwards  noticed,  improved  the 
drawing. 

Eecollecting  that  Dover  is  S.S.W.  from  Bamsgate,  we  perceive 
that  the  trend  of  the  picture  plane  is  W.N.W. ;  now  the  west 
face  of  the  building  is  shown  as  inclined  to  the  line  of  sight 
toward  the  west ;  its  trend  must  be  about  8.  W."by  S.,  and  therefore 
that  of  the  N.  face  about  N.W.  by  W.  Hence,  looking  at  the 
shadow  upon  that  north  face,  we  judge  the  sun  to  have  been  in 
the  N.W. ;  and,  looking  at  the  slope  of  that  shadow,  to  have  had 
an  altitude  of  about  44°,  and  this  at  7  h.  on  the  6th  of  August 
On  putting  the  celestial  globe  into  position  for  the  time  stated, 
we  find  that  the  sun  must  have  been  shining  from  among  the 
small  stars  of  the  Great  Bear.  The  shadow  of  the  building  upon 
the  ground  to  the  east,  corroborates  the  story.  Thus  far  ine 
Astronomer ;  next  the  Architect ;  he  says,  and  at  a  glance,  there 
is  no  member  of  the  structure  which  could,  under  any  circumstances, 
have  caused  the  shadow  as  shown  in  the  figure. 

Let  us  go  more  carefully  into  the  matter.  When  a  drawing  of 
any  rectangular  structure  is  given  in  perspective,  it  is  easy  to 
deduce  the  distance  of  the  point  of  sight  from  the  picture,  as 
well  as  the  relative  positions  and  proportionate  sizes  of  the  parts. 
Taking  the  extreme  bounding  lines  as  the  bstsis,  we  find  the 
vanishing  point  for  the  north  face  to  be  193*2  inches  to  the  left; 
that  for  the  west  face  to  be  3*7  to  the  right,  counting  from 
middle  of  the  picture.  These  give  26*6  inches  for  the  eye'i 
distance  from  the  paper,  and  an  inclination  of  7°'50'  of  the  no^ 
face  to  the  picture  plane. 

The    bearing   of  Dover   from   Eamsgate,  compnlad  ttom 
geographical  positions,  is  20^*4',  west  of  sonth,  heiioe  tihe 
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of  the  noitii  face  must  be  27'**54'  north  of  west  But  the  son's 
amplitude  at  7  h.  on  the  6th  of  August  is  only  2r*57,  and  the 
altitude  4"*;  wherefore  the  north  faces  of  the  building  should 
liave  been  in  shadow. 

The  distance  between  the  two  places  is  14^  miles,  which  on 
the  scale  of  Hie  drawing  is  represented  by  26*6  inches.  Com- 
puting thence  the  dimensions  of  the  building,  we  find  its 

Length    »   16,000  feet  =3*2  miles 
Breadth  =     7,346     „    =1-4    „ 
Height    =    4,895     „    =   0-9     „ 

^whichL  would  make  Dover  Castle  to  be,  not  the  Eighth^  but  Thb 
X¥onder  of  the  world. 

There  are  many  unacquainted  with  the  laws  of  perspective 
for  their  sake  we  may  take  another  view.  It  is 
m«»lly  known,  that  the  apparent  size  of  an  object,  its  space 
^^pon  the  picture,  diminishes  as  the  distance  increases.  Now  the 
breadths,  measured  on  the  paper,  of  the  north-west  and  south-west 
lowers  are  51  and  28  hundredths  of  an  inch;  the  nearer  is  14^ 
Xniles  away,  wherefore,  since  28 :  51 ::  14*5  :  26*4,  it  follows  that 
^lie  other  is  26*4  miles  ofif ;  so  that  from  north  face  to  north  &oe 
of  the  towers  must  be  1 1  "^9  miles,  or  the  whole  length  more  than 
1. 2  miles  !  The  drawing  must  be  sadly  out,  for  this  is  nearly  four 
%>iilie6  what  was  previously  f oimd. 

Again,  if  we  look  at  the  western  sides  of  the  turret-tops,  we  observe 
^lie  depth  of  the  parapet  to  decrease  rapidly  toward  the  south.  On 
^lie  north-west  tower  the  diminution  is  almost  exactly  as  two  to  one ; 
'therefore  its  farther  comer  must  be  twice  as  far  from  us  as  the 
Nearer,  and  so  the  top  of  the  tower  must  measure  14  miles.  In 
Brewster's  drawing  this  most  outrageous  of  all  the  blunders  is 
^^ctified. 

These  prodigies,  however,  are  far  outshone  by  the  artistic  extnip 
\ragance  of  the  foreground ;  there  the  blades  of  grass  expand  at  our 
^eet,  and  the  very  veins  of  the  leaves  are  seen. 

All  this  was  seen  through  a  good  telescope  which  the  Professor 
^^uld  hand  to  his  companion.  I  have  somewhere  read  of  a  spyglass 
Viringing  people  so  near  that  you  could  hear  them  speak ;  tiiis  one  must 
Have  had  ihe  equally  wonderful  property  of  transporting  the  user 
\>odily  to  within  a  hundred  fathoms  of  abuilding  fourteen  miletaway. 
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Evidence  of  this  character  would  not  be  received  in  support  of 
the  most  common-place  assertion ;  but  the  phenomenon  in  question, 
far  from  being  common-place,  may,  rather,  be  described  as  miraculous. 
Dover  Castle  is  situate  on  the  south  side  of  a  hill ;  Eamsgate  is  far 
away  on  the  north  side ;  and  the  tops  of  the  turrets  of  the  Castle 
are  usually  seen  from  Eamsgate  just  above  the  hilL  But,  on  this 
occasion,  the  Castle  was  seen  as  if  it  had  been  brought  to  the  north 
side,  and,  apparently,  in  its  natural  position  with  regard  to  the 
turrets.  Vince  teUs  us  that  the  light  from  the  hill  undoubtedly 
reached  the  eye,  but  that  it  was  so  overpowered  by  the  greater  light 
from  the  Castle  as  to  be  unperceived ;  he  places  before  us  this  draw- 
ing to  represent  the  Castle  as  he  saw  it,  and  proceeds  to  explain 
how  this  vision  may  have  been  brought  about. 

For  this  purpose  he  constructs  an  abstract  figure  in  which  AE 
represents  the  Castle,  T  the  top  of  the  hill,  £  the  place  of  the 
spectator ;  and  he  draws  two  curved  lines  A^E,  BanrE  to  represent 
the  paths  of  the  light  from  the  top  and  bottom  of  the  Castle 
to  the  eye.  He  draws  also  the  curve  TxzE  as  the  path  of  the  light 
emanating  from  the  top  of  the  hill,  crossing  'BxwEt  at  the  point  x, 
and  having  its  part  xzK  between  the  two  first  mentioned  lines.  He 
says,  '*  Then  it  is  manifest  that  such  a  disposition  of  rays  will 

produce  the  observed  appearance The  phenomenon  cannot 

otherwise  be  accounted  for." 

According  to  his  explanation,  A^t;E  and  Bo^trE  are  the  paths 
of  the  light  in  the  usual  state  of  the  atmosphere,  and  the  pheno- 
menon in  question  is  produced  by  the  rapid  curvature  of  the  part 
xz  of  the  ray  TlxzE  ;  this  rapid  curvature  being  due  to  a  variation 
in  the  density  of  the  air  between  ^*E  and  xvoE, 


Supposing,  merely  for  the  sake  of  fixing  our  ideas,  the  hei^t     ^^c/ 
the  tower  BA  to  be   100  feet;  the  separation  of  the  carves      mt 
X  and  y  may  be  say  60  feet,  within  which  distance  tins  extzs. 
ordinary  disposition  of  the  air  must  exist,  and  not  beyond  on  etftli^r 
side,  for  otherwise  the  paths  AyE,  BxE  would  be  deno^    ^       . 
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the  ordinary  state  of  the  air,  the  light  would  pass  in  the  usual  way 
below  the  curve  BostoE ;  and  even  now,  since  the  extraordinary 
condition  does  not  extend  below  that  line,  it  will  still  so  pass. 
Wherefore,  according  to  this  explanation,  T  should  have  been  seen 
doubla  Moreover  the  picture*  tells  us  that  light  from  between  B 
and  A  reaches  the  eye  in  directions  intermediate  between  vE  and 
ir£,  and  now  we  have  this  most  wonderful  fact  that  the  air  situate 
between  the  extreme  rays  has  two  indices  of  refraction,  one  for 
Dover  Light,  one  for  Hill  light  But  more  absurd  still ; — the  rays 
AyE,  BxE  are  the  usual  paths  of  light,  whence  it  necessarily  follows 
that  the  point  B  is  usually  visible  from  £,  and  thus  the  phenomenon 
siade  dear  by  this  explanation  is : — "  that  the  Castle  being  usually 
seen  clear  above  the  top  of  the  hill,  was,  on  this  occasion,  seemingly 
imbedded  in  it,  the  ridge  having  been  apparently  raised,"  exactly  the 
opposite  of  what  Yince  imagined  himself  to  be  explaining. 

We  may  get  a  clear  view  of  the  matter  by  considering  the 
l>roken  branch  in  the  foreground  of  the  picture.  This  branch  is, 
in  reality,  beyond  yon  far-off  hiUs  B ;  and  we  have  to  explain  how 
it  can  come  to  be  seen  as  represented. 

One,  indeed  the  obvious,  supposition  is,  that  the  matter  forming 
^e  hill  had  become  translucent  for  Dover  Light,  which  hypothesis 
^^nll  account  also  for  the  feebleness  of  the  Hill  Light  Or  we  may 
suppose  that  the  rays  of  light  from  Dover  had  skimmed  over  the 
Siigh  ground  B,  had  descended  on  the  northern  side  until  they  found 
out,  each  the  true  continuation  of  its  path,  and  then  had  come 
straight  on  to  the  eya  Of  the  two  hypotheses,  the  former  appears 
tk)  me  to  be  the  simpler  and  the  more  comprehensible. 

Having  thus  far  discussed  the  information  given  to  us  by  Pro. 
lessor  Yince,  we  may  examine  what  is  to  be  got  from  other  sources. 
On  a  small  map  of  Dover  published  by  Messra  Johnston,  the 
C!astle  is  shown  as  consisting  of  several  detached  buildings,  none  of 
"Vhich  can  be  reconciled  with  the  form  and  position  inferred  from 
t;he  perspective  drawing ;  but,  in  the  course  of  three  quarters  of  a 
<^ntury,  the  buildings  may  have  been  changed.  To  the  north  of 
t;he  Castle,  in  the  direction  of  Eamsgate,  there  is  marked  St  Mary's 
^hnrch  in  ruins,  which  surely  should  have  been  seen  in  the  fore- 
ground of  the  Castle. 

*  The  proprietoTB  of  the  EneyclopoBdia  have  kindly  lent  the  preceding 
^oodcntii 
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On  oonsulting  the  Oidnance  map  of  the  district^  done  in  1818, 
and  biooglit  up  to  1880,  and  drawing  on  it  a  line  from  Dover 
Castle  to  Eamsgate,  we  find  at  the  distance  of  12  miles  from  the 
latter  place,  a  village  called  East  Langdon  with  22  buildings ;  a 
little  farther  north,  another  called  Marten  with  17 ;  then  Appleton 
with  6.  The  absence  of  contour  lines  prevents  me  from  deter- 
mining the  heights ;  but,  taking  Yince's  statement  that  the  hill  is 
12  miles  away,  these  villages  must  be  just  in  such  a  position  as  to 
occupy  seemingly  the  position  of  the  lower  parts  of  the  Castle. 

Which  then  is  the  more  credible: — ^That  all  the  wonders  just 
discussed  should  have  been  real:— or  that  an  indiscriminating 
observer  should  have  deluded  himself  by  the  iancj  that  eome  of 
these  buildings  were  parts  of  the  Castle  Y 

Such  things  do  not  often  occur  in  the  history  of  physical  science. 
Grenerally  assertions  by  whomsoever  made  can  be  and  aro  tested  by 
the  reproduction  of  the  alleged  circumstances ;  but  in  a  case  such  as 
that  before  us,  no  one  can  repeat  or  verify  the  observation,  nor  even 
make  one  analogous  thereto ;  and  therefore  it  behoved  the  observer 
to  have  been  particularly  careful  as  to  what  he  saw,  and  as  to  how 
he  recorded  it.  We  have  seen  that  the  record  is  an  aggregate  of 
impossibilities. 

It  is  indeed  strange  that  such  a  gross  substitution  ahoold  not 
have  been  instantly  detected ;  and  still  more  strange  that  Brewster 
should  have  transferred  the  account  into  the  EneyctopcBdiOy  and  even 
improved  the  drawing,  without  having  perceived  that  the  mere  fact 
of  its  being  in  perspective  is  absolute  proof  of  its  ontrath.     Just 
as  a  story  is  the  less  credible,  so  there  would  seem  to  be  the  less 
need   for    examination.     This    is    seen    also    in    the    succeeding 
paragraph,  wherein  Sir  David  supports  the  idea  of  an  atmospheric 
mirror  by  the  evidence  of  a  girl  who,  while  gathering  flowers  on  the 
hill-side,  saw  her  image  and  her  very  features  reflected  tcom.  a  thin 
mist  rising  from  a  marsh ;  and  he  strengthens  that  evidence  by  the^ 
inquiry  of  her  Mends  who  were  waiting  for  her  below  as  to  ^^ythocj^^mo 
was  with  you  on  the  hill?"  never  perceiving  that  this  questkHzs^^i} 
supplies  the  simple  intelligible  solution  of  the  mystery : — that  ihi^^^me 
young  woman  had  mistaken  another  person  for  her  owm  ii 
By  such  careless    treatment  of    evidence    the  growth  of 
phantasies  is  encouraged. 

In  a  popular  work  on  Astronomy  which  has  had  a 
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circulation,  these  two  among  other  cases  are  given  of  wonderful 

atmospherical  phenomena,  and  an  experiment  is  detailed  exhihiting 

the  marrellous  powers  of  reflected  light     A  bottle  half  filled  with 

liquid  is  held  before  a  concave  mirror,  when  lo !  the  inverted  image 

bos  the  liquid  in  its  lower  half !  the  mirror  is  able  to  invert  the 

bottle^  bat  cannot  reach  its  contents.     With  the  author  of  this  woric 

the  stellar  nebuln  become  huge  concave  reflectors.    He  exhibits 

alflo  a  drawing  of  a  stately  ship,  her  sails  well  filled  by  the  brettESi 

and  below,  heeling  over  symmetrically,  her  inverted  image,  and 

below  that  again  the  topmasts  of  a  ship  hull  down:  he  tells  us 

that  the  unseen  ship  is  the  reality,  the  others  only  her  images 

oansed  by  atmospheric  refraction.     It  has  not  entered  into  his 

liead  to  consider  that  such  a  breeze  would  blow  to  the  winds  all 

the  thereunto  necessary  refracting  surfaces.     This  is  an  improved 

edition  of  the  second  phenomenon,  the  subject  of  the  present  paper. 

In  the  89th  volume  of  the  PkUosopkical  Transadions,  Professor 

^Vinoe  describee  a  phenomenon  seen  by  him  from  Ramsgate;  the 

appearance  was  that  of  the  mast-head  and  upper  rigging  of  a  ship 

liall  down,  in  the  air  above  which  an  inverted  image  was  seen, 

liaTing  above  it  again  an  erect  image  of  the  same  ship.    He  explains 

t;he  conditions  of  the  atmosphere  needed  to  produce  such  appearances 

in  the  following  manner : — 

Having  drawn  a  straight  line  hz  to  represent  the  surface  of  the 
"Vrater,  raised  a  perpendicular  ba  for  the  ship's  mast,  and  placed  the 
^ye  e  above  z  to  indicate  the  observer's  height  above  the  sea-level, 
lie  draws  two  curved  lines  bsE,  arE  for  the  usual  paths  of  light 
from  the  hull  and  from  the  top-mast.  The  directions  of  the 
tiiangents  to  these  two  curves  define  the  apparent  position  h*  a'  of  the 
Vessel  Here  the  dominant  idea  is  the  curvature  of  the  rays ;  and 
t;hiB  idea  has  led  him  to  show  the  paths  as  curved  while  the  surface 
c»f  the  sea  is  flat  Had  he  intelligently  considered  the  matter  he 
Xnost  have  seen  that  his  illustration  demonstrates  the  impossibility 
of  our  seeing  a  ship  hull-down.  If  the  path  of  light  were  more 
<^nrved  than  the  surface  of  the  oceau,  we  should  be  able  to  see  all 
^tmnd,  and,  with  transparent  air  and  good  glasses,  to  view  our  own 
\>acks,  twenty-four  thousand  miles  ofll  The  line  bz,  instead  of 
leaving  been  drawn  straight,  should  have  risen  from  b  to  graze  the 
line  arE  and  should  then  have  descended  to  «,  completely 
intercepting  the  ray  bsK 
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In  Older  to  explain  the  tmnsnal  mugefl,  Yince  tepreaents  nfi  pto- 
ceeding  from  the  points  b  and  a,  rising  in  the  air  and  then  tending 
down  to  reach  the  eye.  This  reflexnre  ia  cansed  by  a  npid  cliuge 
in  the  refiactive  power  of  the  atmoflpbere. 


He  hflfl  not,  however,  given  any  meaaurement  by  help  of  which 
ire  may  estimate  the  extent  and  manner  of  the  refraction  j  he  only 
mentions  that  the  proportions  of  the  distances  were  noted ;  yet  the     ^ 
measurements  were    at   his    hand.     He  was  using   a    telescope  ^s 
magnifying  30  or  40  times,  and  we  infer  from  his  naiiatiTe  t 
the  instrument  was  on  a  stand.     Kow,  with  scarcely  any  trouble,  hi 
might  have  ascertained  exactly  the  power,  and  have  measnied  tl 
angular  aperture  of  the  field ;  indeed  to  an  astronomer  these  a 
matters  of  course.     He  could  easily  have  compared  the  t 
distances  with  the  width  of  the  field-bar.    As  it  is,  we  cannot  t 
what  may  be  the  angle  of  elevation  of  the  upper  image. 

The  drawing  is  that   of  a  fore-and-aft  rigged  eloop,  a  kind  ■ 
coasting   vessel   never  built  very  large;  the  ezigtei 
would  indicate  it  to  be  a  large  one  of  its  class,  and,  for  the  pnipose  ol 
rough  estimate,  we  may  take  the  top-msst  aa60  feet  above  the  w 

The  eye  wae  25  feet  above  the  sea-level,  vheiefora  the  edge  ^ 
the  actual  horizon  must  hare  been  distant  6(  mile^  In  pn^xntino^ 
there  must  hare  been  about  3S  feet  of  the  height  oonoMla^  ■>  '>*' 
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most  have  been  7^  miles  bejond  the  horizon  or  altogether 
'  swhj.    Taking  the  proportions  shown  in  the  figure,  the 

ct  the  upper  image  must  have 

•t  the  height  of  210  feet  above 
r  edge,  giving  an  angular  eleva- 
iboot  tan  minuteB  of  a  degree 


J  of  light  in  rising  from  the  ship, 

nd  *ir  of  less  and  less  refractive 

■d  to  ma  bent  downwards  to 

fcwbontal,  after  which  the  same 

I'lTM  repeated  invereelj ;  hence 

p  that  the  index  of  refraction  of 

i  flu  top  of  the  cnrre  must  have 

I  IliaiL  that  of  the  air  below,  in 

flf  eoaine  10'  to  ladioa.    Assum- 

Sw  aesBon  of  the  year,  the  tem- 

at  file  ground  to  have  been  16° 

tin. ;  its  index  of  refraction  comes  out  1-0000283 ;  wheie- 

npper  air  must  have  had  the  index  1*0000232,  and  its 

imt  have  been  what  is  due  to  a  fall  of  &'l  iochee  with 

I  temperature  or  to  a  rise  of  86  dej^es  Fahrenheit  with 

pressQie. 

BOppose  the  air  to  have  been  of  its  usual  density  almost 
'  limit  of  height  and  then  to  have  become  suddenly  rare, 
of  the  light  would  have  consisted  of  two  straight  lines 
y  a  short  and  quick  curve,  and  the  height  would  have 
half  of  210  feet  Sut,  if  the  change  of  density  be 
as  gradual,  the  ultimate  height  must  have  been  less  than 

for  a  parabolic  curve  it  would  have  been  the  fourth  part, 
analogy  tells  us  that  the  curvature  becomes  less  as  we 
wherefore  the  vertex  must  have  been  at  not  more  than  60 
e  the  sea-level. 

in  order  to  produce  any  phenomenon  like  that  described 
,  either  the  barometric  pressure  must  have  decreased  at 
ge  rate  of  one  tenth  of  an  inch  for  each  foot  of  rise,  or 
eiatuie  must  have  increased  at  the  rate  of  l°-7  Fahr.,  ot 
le  d^ree  centigrade  for  each  foot,  ultimately  to  reach 
ordinary  heat  of  145°  Fahr.    And  this  condition  of  the 
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air^s  denrily  mnsti  aoeording  to  the  namtiye^  h*T6  subBiBAed 
for  houn  over  the  whole  sea-reach  of  Baiii;^[atey  yet|  in  the  couiee 
of  his  observations,  the  Professor  himself  went  to  the  height  of 
80  feet,  and  has  not  recorded  anything  remarkable  in  the  state  of 
the  air  therei  Nor  is  this  all ;  the  ships  came  and  went ;  there 
most  have  been  a  fresh  breese  blowing,  notwithstanding  of  which 
this  wonderful,  this  inconceivable  condition  of  the  atmosphere 
continued. 

Though  at  such  a  great  distance,  the  minute  details  of  the  upper 
rigging  are  visible.  Not  only  must  the  telescope  have  had  extra- 
ordinarily good  definition,  the  air  also  must  have  been  unusually 
dear  and  free  of  tremor.  But  this  distinctness  is  not  confined 
to  the  actual  ship,  it  is  also  exhibited  in  the  unusual  images  in 
each  of  which  even  the  ratlins  between  the  shrouds  are  seen; 
that  is  to  say  the  stratification  of  the  air  must  have  been  so 
exquisitely  arranged  and  so  undisturbed  by  fluctuations  that 
horizontal  lines  not  an  inch  in  diameter  appeared  distinct  and 
crisp  at  the  distance  of  14  miles. 

Now  if  the  stratification   had   been  in  concentric  layers  the 
curvature  of  these  woiild  necessarily  have  caused  great  distortion 
in  the  images,  for  that  curvature  bears  a  large  proportion  to  th< 
angular    extent    of    the    object     To    produce,   by  any  possiU 
arrangement  of   strata,  an  undistorted  image,   that  arrangement 
must  be  plane.     Here  we  are  face  to  face  with  another  inconoei 
able  state  of  the  atmosphere;  the  physical  explanation  bristl 
with  impossibilities. 

Although  there  be  no  details  in  measurement,  Mr.  Yinee  b 
favoured  us  with  important  details  in  construction.     This  drawi^c:^ 
shows,  in  the  first  place,  the  top-mast  and  parts  of  the  rigging      o/ 
a  sloop  with  the  mainsail  and  jib  well  filled  by  the  breeze ;  fclie 
foresail  is  not  set ;  we  must  infer  that  the  craft  was  making  iwa/ 
enough  without  it     Here  the  end  of  the  gaff  is  connected  to  ibe 
top-mast  by  an  elegantly  curved  line,  reproduced  in  the  imsgat 
In  an  actual  sloop  under  sail,  the  gaff  is  held  up  by  a  strong  tickle, 
which  has  to  carry  the  weight  of  the  mainsail,  and  to  renst  tbe 
tension  caused  by  the  wind.     The  resulting  strain  on  the  top^natt 
if  the  arrangement  were  as  in  the  drawing,  would  be  too  great  for 
that  spar,  and  appropriate  fore-stays  would  be  needed    This  put 
of  the  drawing  is  not  a  representation  of  reality. 
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The  exoeeding  clearneas  of  the  two  images  is  remarkaUe ;  daj* 

light  k  teen  between  the  mainsail  and  the  mast  in  fche  intenrals  of 

the  reeving  rings;  the  wind  most  have  been  strong.    The  end  of 

the  boom  is  connected  to  the  stem  of  the  vessel  by  a  loose  line ; 

jret  the  duty  of  this  line  is  to  resist  the  pressure  of  the  wind  upon 

the  mainsail,  keeping  that  sail  to  the  proper  inclination.     Again  the 

pressure  of  the  mainsail,  and  the  pull  of  the  foresail  and  jib  tend 

to  break  the  mast ;  this  pressure  is  usually  resisted  by  the  shrouds, 

which,  for  that  purpose,  are  placed  abaft  the  mast     No  sloop,  nor 

indeed  any  other  craft  was  ever  rigged  with  the  shrouds  before  the 

mast,  as  is  seen  in  these  images ;  the  arrangeiuent  is  nonsensicaL 

ITet  again,  the  jib  is  shown  as  if  it  were  reeved  to  the  fore-stay.     If 

this  were  actually  done  the  sail,  being  in  the  ship's  mesial  plane, 

could  be  of  no  service  for  propulsion  ;  it  could  only  keep  the  ship's 

liead  from  the  wind.     The  lower  edge  of  the  jib  is  shown  curved 

ttway  from  the  bowsprit  as  it  should  be,  but  the  sheet  is  hauled 

elose  to  the  stem.     More  than  all  this,  the  ship  should  have  a 

xndder,  the  rudder  should  have  a  tiller,  and  at  the  end  of  the  tiller 

^here  should  be  the  steersman,  who,  standing  between  the  spectator 

^nd  the  main-sail,  should  have  been  a  conspicuous  object  on  board. 

sludging  from  the  other  minuti£B  we  should  have  been  able  to  re- 

oognise  the  articles  of  his  dress.     But  neither  helm  nor  steersman 

i«  to  be  seen. 

This  drawing  does  not  represent  any  thing  that  was  seen  through 
t;lie  telescope. 

While  attending  to  the  ship,  we  have  been  forgetting  the  sea  on 
^W'hich  it  floats.  The  rays  forming  the  images  in  the  air  must  have 
passed  at  heights  of  from  40  to  70  feet  above  what  appears  as  the 
edge  of  the  horizon ;  they  must  have  been  representations  of  the 
Vessel  as  seen  from  these  heights.  Kow,  from  a  height  of  70  feet 
^lie  visible  horizon  is  10  miles  off;  that  is  2^  miles  beyond  the 
^loop ;  therefore  each  of  the  images  should  have  been  accompanied 
^"^^  a  horison ;  of  these,  however,  there  is  no  trace. 

The  intricacy  of  the  arrangement  of  strata  needed,  within  these 
xUtfrow  limits,  to  have  produced  with  such  wonderful  clearness,  both 
^^  inverted  and  an  erect  image,  needs  only  to  be  mentioned. 

From  whatever  point  of  view  we  regard  the  matter,  we  find 
^^laccuracy,  incongruity,  impossibility ;  the  psychological  aspects  of 
^he  narrative  being  identic  with  those  of  the  vision  of  Dover  Castle 
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seen  eight  years  later.    In  each  case  there  is  the  palpable  sab- 
stitution  of  an  ideal  picture  for  the  supposed  reality ;  in  each  case 
the  technical  explanation  is  opposed  to  the  narrative  itself  as  well 
as  to  the  known  physical  laws ;  it  being  noteworthy  that,  in  both,  the 
concealed  part  of  the  object  is  represented  as  always  visible ;  and  in 
such  case  the  obvious  absurdity  of  the  substitutions  shows  clearly 
the  absence  of  any  conscious  intention  to  deceive.     Mr.  Yince  has 
told,   in  perfect  good  faith,  the  impressions  on  his  own  mind; 
impressions  so  strong  as  to  have  shut  out  every  consideration  of 
probability  or  of  possibility,  and  to  have  completely  overpowered 
his  better  judgment     The  mastery  over  his  mind,  acquired  by  this 
delusion,  is  well  exemplified  by  the  proposal  seriously  made,  that^ 
on  the  recurrence  of  such  a  phenomenon,  a  ship  be  sent  out  provided 
with  barometers  on  deck  and  at  the  mast  head,  to  ascertain  the 
difference  of  pressure.     He  expected  wind  enough  to  carry  the  ship 
to  sea,  forgetting  that  perfect  calm  is  essential  to  the  stratification; 
he  forgot  too  that  no  then  existing  barometer  could  be  accurately 
read  on  ship-board. 

The  dominant  idea  was  in  both  cases  that  of  the  great  curvatoie 
of  the  rays  of  light  In  his  Complete  System  of  Astronomy,  1823, 
Yince  shows  that  the  curvature  is  only  one-seventh  part  of  the 
curvature  of  the  eartL  It  is  pleasant  to  think  that  these  early 
occasional  illusions  had  passed  away,  to  leave  his  mind  dear  for  the 
performance  of  such  great  and  good  work  in  furtherance  of  Aatro- 
nomical  Science. 


5.  On  a  Case  of  Dyspeptic  Yertigo. 
By  Professor  Crum  Brown. 

The  dyspepsia  was,  as  far  as  I  know,  of  a  very  ordinary  kind.  It 
began  with  loss  of  appetite,  discomfort  after  meals,  and  geoenl 
sense  of  weakness  and  uselessness.  Then  came  a  crisis.  Waking 
in  the  middle  of  the  night  with  pain  and  nausea,  an  hour  or  two 
of  this,  thorough  evacuation  of  the  stomach,  great  discomfort  next 
day,  and  the  a  no  symptom  of  any  thing  Mrrong  as  long  as  I  adbend 
to  the  diet  which  experience  soon  led  me  to,  viz.,  very  simple  food 
and  very  little  of  it  To  this  I  adhered  for  about  four  week& 
Kow  and  then,  perhaps  three  times  altogether,  feeling  quite  inilf  I 
ventured  to  eat  "tik!^  o^^x  ^^^^V^^  and  was  at  onoe  tM^t  ^J 
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abdominal  pain  and  diarrhoea,  that  I  must  still  consider  myself  an 
invalid,  or  at  best  a  convalescent.  After  about  four  weeks  I  found 
that  I  could  venture  on  a  chop  or  a  potato,  and  gradually  felt 
my  way  back  to  the  usual  diet  In  all  this  there  is  nothing  I 
suppose  at  all  uncommon.  It  is  the  first  time  I  experienced  any 
thing  of  the  kind,  but  I  have  no  doubt  others  have  often  gone 
through  the  same  or  worse,  and  my  dyspepsia  can  have  no  sort  of 
interest  in  itself  to  a  physician. 

Accompanying  the  dyspepsia  there  was,  however,  a  symptom, 
which  may  be  common,  but  which,  as  far  as  I  know,  has  not  been 
described,  at  all  events  does  not  seem  to  have  been  felt  by  any  one 
sufficiently  interested  in  physiology  to  lead  him  to  make  careful  ob- 
servations on  it  This  was  a  very  well-marked  but  not  very  violent 
vertigo.  This  symptom  did  not  make  its  appearance  at  first, — in 
fact^  it  was  two  days  after  what  I  have  called  the  crisis  before  any 
trace  of  vertigo  appeared.  I  was  nearly  quite  well,  though  of  course 
my  wellness  depended  on  my  adherence  to  the  sparing  indulgence 
in  beef  tea  and  custard  pudding,  when  I  first  felt  the  vertigo. 

Walking  along  the  street,  my  attention  was  suddenly  called  to  a 
^og  at  the  side  of  the  pavement,  and  I  turned  my  head  sharply  to 
the  left  side  and  downwards,  to  look  at  him.  I  immediately  felt  a 
irery  distinct  attack  of  vertigo,  and  it  was  with  some  effort  that 
J  preserved  my  equilibrium.  I  walked  home  without  the  least 
difficulty,  as  the  vertigo  passed  off  very  quickly,  and  I  found  that  if 
I  avoided  sudden  movements  of  the  head  I  could  keep  clear  of  such 
attacks.  All  that  remained  was  a  feeling  of  constraint  and  want  of 
confidence.  The  same  evening,  after  putting  out  the  gas  in  the  lobby 
^^^  staircase,  I  was  going  to  bed  when  I  found  I  had  to  go  down- 
*t^  again,  having  forgotten  something  or  other.  I  ran  down 
^thout  thinking  of  the  vertigo,  and  when  I  reached  the  foot  of  the 
■tair  was  much  surprised  by  what  I  saw.  Above  my  front  door 
^Q^e  is,  as  there  is  in  most  Edinburgh  houses,  an  oblong  pane  of 
^^^^,  and  when  the  house  is  in  darkness,  the  light  horn  the  lamps 
*^  the  street  shines  in  by  this  window.  Now  what  I  saw  was  an 
^blong  illuminated  area,  not  with  horizontal  and  vertical  sides,  but 
^^clined  so  that  its  long  sides  made  an  angle,  as  far  as  my 
'^^Uection  enables  me  to  estimate  it,  of  about  20°  at  least  with  the 
^^HzontaL  While  wondering  what  this  could  be,  I  suddenly  saw 
^t  it  must  be  the  window,  and  the  instant  this  idea  occurred  to 

^OL.  XI.  4  B 
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me,  it  in  a  moment  regained  its  right  position.     AH  this  did  not 
take  half  a  minute.     I  went  to  bed  and  slept  soundly,  as  indeed  I 
always  did  through  the  whole  course  of  the  illness,  except  on  the 
two  or  three  occasions  when  an  attempt  to  return  to  ordinary  diet 
produced  a  disturbance  of  the  digestive  organs.     Next  morning,  on 
getting  out  of  bed,  I  found  that  that  movement  of  the  body  had 
produced  a  vertigo  much  more  severe,  and  lasting  a  much  longer 
time  than  either  of  those  of  the  day  before,  and  although  it  passed 
away  on  my  remaining  quiet  for  some  time,  every  attempt  to  move 
set  it  up  again.     I  accordingly  went  back  to  bed,  and  after  lying 
quiet  for  a  few  minutes  felt  quite  well ;  but  getting  up  was  oat  of 
the  question.     To  occupy  myself  I  sent  for  the  morning  news- 
paper.    When  it  arrived  I  was  lying  on  my  right  side,  facing  the 
window.     To  read  it  comfortably  I  had  to  turn  round,  so  that  the 
light  should  fall   on   it     I  accordingly  rolled  myself  over,  and 
holding  out  the  paper  tried  to  read  it.     This,  however,  I  could  not 
do,  the  letters  seemed  to  fly  across  the  paper,  and  while  I  could  see 
that  it  was  print,  and  could  make  out  the  size  of  the  letters,  I  could 
not    distinguish    one    of  them.     This    optical    vertigo   was    not 
accompanied  by  any  feeling  of  nausea  or  of  insecurity.     Reflecting 
upon  what  produced  it^  I  thought  I  might  undo  it     If  I  rolled 
round  to  my  right  side  again  that  might  put  it  right,  but  then  I 
wished  to  have  the  window  behind  me.     I  tried  while  keeping  m^ 
body  at  rest,  rolling  my  head  quickly  to  the  rights  and  then  slowlj 
back  again,  and  found  that  an  effectual  remedy,  and  from  that  time 
as  long  as  I  remained  in  bed  or  on  the  sofa,  viz.,  about  ten  daya^ 
could  always  neutralise  an  abnormal  apparent  rotation,  by  tMbjcm 
the  head  about  the  axis  of  the  apparent  rotation,  quickly  in  ose 
sense,  and  then  slowly  back  again.     The  sense  in  which  the  qnics 
rotation  had  to  be  made  was  that  in  which  surrounding  bodM 
seemed  to  move.     The  first  correction  was  sometimes  too  moel^ 
sometimes  not  enough;  in  such  cases  a  second  smaller  conectaoo 
was  easily  made.     Day  by  day  the  intensity  and  duration  of  ^ 
vertigo  became  less.     Once  or  twice  a  day,  I  made  an  experimaai 
by  making  a  whole  rotation,  and  lying  still  to  observe  how  long  ^ 
apparent  motion  of  external  things  continued.    At  last  I  fonsd  ^ 
I  could  walk  about,  not  without  some  difficulty  and  feeling  ^  ^ 
security.     This  gradually  diminished  until  a  week  or  so  before  "^ 
return  to  ordinary  food  it  was  practically  gone. 
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During  my  recovery,  I  frequently  experimented  upon  tlie  optical 
yertiga  These  experiments  were  suggested  by  an  accidental 
observation.  Having  put  out  tbe  drawing-room  gas  one  evening,  as 
I  was  leaving  the  room  I  saw  the  reflection  of  outside  gas  lamps  in 
the  glass  of  a  picture  hanging  on  the  drawing-room  wall,  and  these 
lights  seemed  to  me  to  be  moving  exactly  as  if  the  picture  were 
swaying  on  its  cord.  I  then  turned  and  stood  before  the  pictura 
I  satisfied  myself  that  the  picture  was  motionless.  I  then  made 
about  half  a  rotation,  that  is,  I  turned  slowly  till  my  back  was  to 
the  picture,  and  quickly  turned  and  faced  it  I  then  saw  the  lights 
move  to  the  right  or  left  as  the  case  might  be,  the  sense  of  the 
apparent  rotation  of  the  lights  being  the  opposite  of  my  real  rotation. 
This  experiment  I  frequently  made  to  And  how  I  was  getting  on, 
but  found  that  I  could  not  repeat  it  on  real  lights  seen  directly 
through  the  window. 

Quite  lately  I  tried  whether  I  could  produce  any  trace  of  the 
feelings  which  were  so  familiar  to  me  then.  By  rapidly  spinning 
round  three  or  four  times,  I  find  that  I  can  produce  very  much  the 
same  sensation  which  half  a  turn  produced  when  I  was  just  well 
enough  to  walk.  The  sensation  now  lasts  two  or  three  seconds, 
then  it  lasted  sometimes  one,  sometimes  more  than  two  minutes. 

It  is  worth  noting  that  during  the  whole  course  of  the  illness  there 
was  never  any  disturbance  or  irregularity  in  the  sense  of  hearing. 

So  far  for  the  facts  of  the  case.     The  points  of  interest  seem  to 

me  to  be : — (1)  That  the  vertigo  never  occurred  imless  provoked  by 

a  real  rotation  of  the  head.     (2)  That  the  phenomena  were  perfectly 

symmetricaL     (3)  That  the  axis  of  the  apparent  rotation  was  always 

the  same  as  that  of  the  real  rotation  which  had  provoked  it,  while 

its  sense  was  the  opposite.     The  vertigo  was  in  fact  only  a  very 

much  exaggerated  form  of  a  perfectly  natural  phenomenon.     It 

might,  therefore,  be  supposed  that  the  morbid  condition  was  a 

aort  of  hypersesthesia  of  the  sense  of  rotation.     This,  however,  was 

not  tbe  case.     The  direct  sensitiveness  to  ordinary  rotations  was  if 

anything  diminished,  it  was  the  after  efiects  of  rotations  that  were 

greatly  increased  both  in  intensity  and  in  duration.     (4)  Visual 

Yeirtigo    often    ceased  when  there   was  sufficient    evidence    that 

external  bodies  were  really  at  rest    Thus,  as  soon  as  the  illuminated 

irectangle  was  recognised  as  the  window,  the  displacement  of  the 

Vertical    ceased,  and  the  window  was  seen  in  its  teal  "posiXAOTL 
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Again  viBual  vertigo  occurred  when  the  reflexions  of  the  gas  lights 
in  the  glass  of  a  picture  frame  were  looked  at^  but  not  with  the  gas 
lights  looked  at  directly. 

It  is  unfortunate  that  no  observation  of  the  eyes  was  made  during 
the  continuance  of  visual  vertigo,  as  for  instance,  when  the  printed 
characters  seemed  to  fly  across  the  newspaper.  It  would  have 
been  important  to  determine  in  such  a  case  the  presence  or  absence 
of  nystagmus.  It  is  to  be  hoped  that  any  one  who  may  fall  in  with 
a  similar  case  wiU  not  make  this  omission. 

The  relation  of  nystagmus  to  visual  vertigo  is  of  great  importance 
and  interest^  but  it  would  be  out  of  place  to  discuss  it  in  a  note  of 
this  kind.  I  hope  to  have  an  opportunity  before  long  of  dealing 
with  it  in  a  special  paper. 

PRIVATE  BUSINESS. 

Mr  James  Sorley,  Mr  William  Thomson,  M.D.,  B.Sc.,  Mr 
Thomas  Graham  Young,  and  Mr  W.  Dyce  Cay,  M.  Inst.  C.E.,  were 
balloted  for,  and  declared  duly  elected  Fellows  of  the  Society. 

Monday,  20th  March  1882. 

Professor  DOUGLAS  MACLAGAN,  M.D.,  Vice-Presiden 

in  the  Chair. 

The  following  Communications  were  read  :— 

1.  Note  on  the  Carboniferous  Bocks  of  the  South  of  Scotia 

By  Archibald  Geikie,  F.RS. 

The  well-known  northward  attenuation  of  the  massive  Carbon  :^1 
ferous  Limestone  of  Lancashire  and  Yorkshire,  and  the  gnuLxjA/ 
replacement  of  its  thick  calcareous  groups  by  sandstones, 
and  seams  of  coal,  with  interstratifications  of  marine  limestone, 
be  advantageously  studied  in  the  southern  counties  of  ScotlancL 
In  these  districts  a  characteristic  and  recognisable  base  for  the 
Carboniferous  system  is  presented  by  the  deep  red  Sandstones  sud 
marles  of  the  Upper  Old  Bed  Sandstone,  which  pass  up  confonni^^/ 
into  that  system,  but  rest  with  a  violent  unconformability  upon  eTtiJ 
formation  older  than  themselves,  including  even  the  Lower  Old  IW 
Sandstone  of  Berwickshire  and  the  Cheviot  Hills.  These  red  wcl» 
contain  few  organic  remains ;  but  here  and  there  they  yield  flcai^ 
of   Holoptychius  and   other  fishes,  which   suffice  to  define  ^^ 
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geological  horizon.  The  striking  unconf ormability  of  these  Upper 
Old  Red  Sandstones  is  connected  with  great  inequalities  in  the 
sorfaoe  upon  which  they  were  deposited.  In  some  places  they 
swell  out  to  a  thickness  of  many  hundred  feet;  but  elsewhere  they 
may  be  seen  rapidly  to  die  out  against  an  underlying  prominence  of 
older  rocks  round  which  the  earlier  Carboniferous  groups  overlap. 
The  general  contours  of  the  ground  must  consequently  have  been 
remarkably  varied.  It  is  possible  oven  yet  to  define  approximately 
the  outlines  of  some  of  the  shores  of  the  period. 

The  Upper  Old  Red  Sandstone  is  overlaid  by  a  volcanic  zone, 
consisting  mainly  of  various  porphyrite  lavas,  with  occasional  tuffs. 
This  zone  forms  a  marked  feature  in  the  geology  of  Berwickshire 
and  Roxburghshire,  running  in  a  line  of  conspicuous  eminences, 
and  serving  as  a  convenient  platform  to  mark  the  base  of  the 
Carboniferous  system.  It  can  be  followed  from  the  southern  edge 
of  the  Lammermuir  chain  to  near  the  mouth  of  the  Nith,  and  it 
reappears  even  on  the  west  side  of  that  river  in  Edrkcudbright. 
Associated  with  it  are  numerous  ^*  necks,''  marking  some  of  the  vents 
from  which  the  volcanic  material  was  ejected,  and  as  these  "  necks  " 
occur  among  Silurian  hills,  at  -some  distance  from  the  present  edge 
of  the  porphyrites,  it  lb  evident  that  these  latter  once  covered  a 
much  wider  area,  from  which,  together  with  much  of  the  overlying 
Carboniferous  rocks,  they  have  been  denuded.  The  volcanic  rocks 
in  the  south  of  Scotland  agree  in  general  character  with  those  which 
occupy  a  similar  geological  position  in  Ayrshire,  Renfrewshire, 
Dumbartonshire,  and  Stirlingshire,  and  both  are  probably  referable 
to  the  same  period  in  the  volcanic  history  of  the  country.  In  the 
Eskdale  district  the  porphyrite  band  consists  of  one  or  two 
separate  flows,  with  an  aggregate  thickness  of  from  40  to  100  feet. 

From  the  top  of  the  volcanic  zone  the  Carboniferous  system  may 

be  followed  in  many  excellent  natural  sections  up  into  the  Scar  or 

Main   limestone  of  the  English   Carboniferous  Limestone  series. 

In  Berwickshire  there  is  a  great  development  of  that  peculiar  phase 

of  the  Lower  Carboniferous  rocks  to  which  the  name  of  "  Cement- 

etone  group  "  has  been  given  by  the  Geological  Survey  of  Scotland. 

The  strata  consist  of  grey,  white,  and  yellow,  less  frequently  reddish, 

sandstones,  with  blue,  grey,  and  greenish  shales  and  clays,  bands 

and  nodules  of  cement  stone  or  impure  limestone,  and  occasional 

Veinings  of  gypsum.     On  the  west  side  of  the  Cheviot  HiOlB,  ^wYivi^i 
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3.  This  lower  cement-stone  gronp  is  overlaid  by  a  set  of  sand- 
stones, chiefly  coarse  brown  and  friable,  with  pebbles  of  white  vein- 
quarts.  These  strata  become  more  fossile  towards  the  top,  and 
contain  courses  of  shale  and  bands  of  cement-stone. 

4.  A  second  volcanic  platform  appears  on  this  horizon.  It 
consists  sometimes  of  slaggy  porphyrite,  evidently  a  contempo- 
raneons  outflow,  and  sometimes  of  a  fine  volcanic  tu£  It  can  be 
followed  for  some  distance  from  the  valley  of  the  £sk  up  liddesdala 
With  it  and  a  still  higher  volcanic  zone  should  be  associated  the 
"  necks  "  by  which  the  older  Carboniferous  rocks  of  the  district  are 
pierced,  and  which  no  doubt  represent  some  of  the  volcanic  vents  of 
the  time.  At  the  top  of  the  tufls  comes  a  band  of  black  cherts, 
which  may  perhaps  be  referable  to  the  deposit  of  some  thermal 
siliceous  springs  connected  with  the  volcanic  eruptions. 

5.  This  zone  of  fine  grey  shale,  about  50  feet  thick,  is  that  which 
has  yielded  the  remarkable  series  of  fossils  already  described,  and 
from  which  others  since  obtained  have  now  to  be  brought  to  the 
notice  of  the  Society.  In  the  lower  and  central  parts  of  the  zone 
there  occur  numerous  specimens  of  undoubtedly  marine  organisms, 
SQch  as  Orthocerasy  Aviadopecten,  MycUina,  LingtUOj  Diacina  and 
Palechinus.  With  these  are  mingled  remains  of  fishes,  crustacean 
and  scorpions.  Mr.  Peach  has  observed,  however,  that  towards  the 
apper  part  of  the  bed  where  plants  occur  in  some  quantity,  most  of 
he  Scorpions,  Eurypterids,  and  Limuli  have  been  discovered. 

6.  A  third  zone  of  vc^canic  tuff  10  to  20  feet  thick  overiies  the 
)88iliferous  or  Scorpion  Shales.     This  is  the  highest  platform  on 
ich  contemporaneous  volcanic  action  has  been  observed  in  this 
t  of  Scotland. 

.  Above  the  third  volcanic  platform  we  enter  upon  a  totally 
act  type  of  strata — sandstones  and  shales  with  several  bands  of 
crinoidal  limestone,  exactly  like  those  of  the  ordinary  Car- 
rions Limestone,  and  containing  many  of  the  same  fossils, 
limestones  form  conspicuous  features  in  the  Esk    below 
ie  and  at  Fenton  Linns.     One  of  them  is   30  or  40  feet 
Associated  with  them  are  seams  of  coal  exactly  as  in  the 
srt  of  the  Carboniferous  limestone  series  of  central  Scotland, 
the  most  interesting  features  in  this  marine  group  is  the 
that  it  dies  out  towards  the  north-east  in  liddesdale; 
I  the  other  hand,  it  increases  in  thir.knefis  towards  the 
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south-west  In  Liddesdale,  therefore,  the  lower  and  upper  cemeat- 
stone  groups  form  one  continuous  series,  with  no  intervening 
fones  of  marine  limestone.  The  open  sea  must  have  stretched 
towards  the  south  and  west,  while  the  land  lay  to  the  north, 
traces  of  its  margin  being  still  recognisable  about  the  flank  of 
Carter  Fell 

8.  The  Canobie  Coal  group  comprises  a  series  of  strata  about  800 
feet  thick,  containing  thirteen  coal-seams,  which  include  an  aggregate 
thickness  of  39  feet  of  coaL  The  lower  seams  are  intercalated  with 
marine  limestones,  so  that  their  low  position  in  the  Carboniferous 
series  admits  of  no  doubt  It  is  remarkable,  however,  that  the 
plants  associated  with  these  coals  are  true  Coal-measure  forms,  as 
determined  by  Mr.  R.  Kidston.  The  Canobie  group  is  overlaid  by 
reddened  sandstones  lying  below  the  Permian  (St.  Bees)  sandstones, 
which  cover  them  unconformably.  It  is  therefore  impossible  to 
follow  the  upward  section  further  in  the  Esk  valley.  In  liddesdale,^ 
however,  the  Canobie  coals  may  be  traced  running  towards  the  north — :^ 
east,  and  becoming  much  attenuated  in  their  progress.  They  dij 
below  the  upper  cement-stone  group  No.  9. 

9.  Over  the  horizon  of  the  Canobie  coals  in  Liddesdale  comes 
group  of  blue  shales  and  cement-stones,  with  several  thick  bands 
sandstone  and  seams  of  coal  on  different  horizons.     Those 
present  this  ordinary  ''  cement-stone "  facies  of  the  upper  divisic 
of  the  Scottish  Calcif erous  sandstones. 

10.  The  Plashetts  and  Lewisbum  coal  lie  above  the  cement-sto 
group  No.  9. 

11.  The  southern  margin  of  Liddesdale  is  marked  by  a 
spicuous  group  of  sandstone,  of  which  the  bottom  beds  cap 
eminence  of  the  Larriston  Fells,  and  likewise  rise  into  Peel  F< 
The  name  of  "Fell  Sandstones"  has  been  given  to  them.  Tt»^ 
must  vary  much  in  thickness,  owing  to  the  very  lenticular  character*  ^^ 
their  individual  beds.  In  Liddesdale  they  may  be  1000  feet  thi^^^ 
They  cover  a  large  area  in  Northumberland,  and  form  a  well-mai^^^ 
geological  group  lying  immediately  below  the  Main  or  Scar  limesfcoxi^ 
where  the  ordinary  phase  of  the  Carboniferous  limestone  reappeftX^ 

It  is  evident  that  the  central  part  of  the  thick  cement-efc^^^ 
groups  of  Upper  Liddesdale  lies  on  the  same  horizon  as  the  vmii^ 
zone  of  Qilnockie  below  Langholm.     There  can  be  little  doubt  ii^ 
the  Scottish  cement-stone  series  generally  is  a  leas  thoroii^/ 
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marine  representative  of  the  lower  part  of  the  Carbon  if  eroos  Lime- 
stone of  England. 

2.  Additional  Contributions  to  our  Knowledge  of  the  Fossil 

Fishes  of  Eskdale  and   Liddesdale.      By   Dr.  B.  H. 
Traquair. 

3.  Farther  Besearches  among  the  Crustacea  and  Scorpions  of 

the  Carboniferous  Bocks  of  the  Scottish  Border.     By 
Mr.  B.  N.  PeacL 

4.  Beport  on  the  Fossil  Plants  collected  by  the  Geological 

Survey  of  Scotland  in  Eskdale  and  Liddesdale.     By 
Bobert  Eidston. 

(Abstract,) 

Through  the  kindness  of  Professor  Geikie,  Director-General  of 
ttie  Geological  Survey  of  Great  Britain,  I  have  had  the  pleasure  of 
^^Kamining  the  fossil  plants  collected  by  the  Scottish  Geological 
Survey  in  Eskdale  and  Liddesdala 

The  collection  contains  about  four  hundred  and  fifty  specimens, 
^  number  of  which,  however,  were  too  imperfect  for  further  identi- 
fication than  that  of  the  genus. 

Eight  of  the  plants  I  believe  to  be  new  species,  and  a  few  of  the 
otJiers,  as  far  as  I  am  aware,  are  now  recorded  for  the  first  time  as 
oocurring  in  Scottish  rocks. 

The  following  is  a  list  of  the  genera  and  species ;  those  I  con- 
der  to  be  new  to  science  are  marked  with  an  asterisk : — 

PLANTS  FROM  ESKDALE  AND  LIDDESDALE. 

{Caleiferous  Sandstone  Series.) 
THALLOPHYTA. 

KLG&. 
I.* Chondrites  plumostty  Kidst 
2.*  sivvplex,  Kidst. 

3.*Crossoc?iorda  carbonaria,  Kidst. 
4c.*Bythotrephis,  sp. 

filicacej:. 

SPHENOPTERIDEiE. 

5.  Sphenopteris  linearis,  Brong. 

6.  furcata,  Brong. 
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7.*Spkenqpterii  Oeikiei,  Kidst. 

8.  bifida,  L.  &  H. 

9.  excelsa,  L.  &  H. 

10.  Hibherti^  var.  L.  &  H. 

11.  Hcninghaud,  Brong. 
12.*  decumposita,  Eidst. 

13.  sp. 

14.  Staphylopteris  Peaehiiy  Carr. 

15.  Eremopteris  {Sphenopteris)  ero8a(f)  Morris. 
16.*  MacconocJiii,  Kidst 

17.  Rhacqphyllum  Laduca,  Stemb. 

pALiBOPTBRIDR^ 

18.  Adiantttes  LindsecBfarmui,  Bonbuiy. 

NBUROPTEBIDBiB. 

19.  Neuropterie  eordata,  Brong. 

20.  (Cydopteris)  Trichomanoides  (t),  Brong. 

Stipes  FiLicm& 
21  *Cmdopteria  minuta,  Kidst 

Equisetace^ 

22.  Volkmannia^  sp. 

LTCOPODIACEiE. 

23.  Lepidodendron  Stembergii,  Brong. 

24.  sp. 

25.  Lepidodrohua  variabilis,  L.  &  H. 
26.*  fimbriatm,  Kidst 

27.  Lepidophyllum  lanceolatum,  L.  &  H. 

28.  Lycqpodiaceous  sporangia. 

29.  Cordaites,  sp. 

30.  Stigmaria  ficoidesy  Brong. 

Fruits. 

31.  Cardiocarpus  apicidattts,  Qopp.  A  Beiger. 

32.  sp. 

33.  Schuizia,  sp. 


PLANTS  FROM  CANONBIE, 

FILICACE^. 

Sphenopteride^. 

1.  Splienopteris  midtifida,  L.  &  H. 

2.  obtimloba  (?),  Brong 
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3.  Sphenopteris,  sp. 

4.  Staphylapteris,  sp. 

NEUROPTBRlDEiE. 

6.  Neurqpteris  heterophyUa^  Brong. 

ALBTHOPTERIDEiE. 

6.  Alethopteris  heterophylla^  Stemb. 

Pecopteridbje. 

7.  PecopterU  nervosa^  Gopp. 

8.  sp. 

EgUISETACEiE. 

9.  Calamites,  sp. 

LTCOPODIACEiE. 

10.  Lepidodendron,  sp. 

11.  Lepidophyllum  laneeoUduniy  L.  &  H. 

In  comparing  the  first  part  of  the  list  of  the  species  in  this 
collection  with  the  fossil  plants  from  the  Calcif  erous  Sandstone  Series 
in  the  neighbourhood  of  Edinburgh,  their  similarity  will  be  at  once 
apparent 

This  is  remarkable  when  viewed  in  relation  to  the  fish  and 
crustacean  remains  which  have  been  already  described  from  Eskdale 
and  Liddesdale  by  Dr.  R  H.  Traquair,  and  Mr.  B.  N.  Peach,  which, 
as  far  as  at  present  known,  are  mostly  peculiar  to  these  districts. 

This  points  to  some  local  physical  conditions,  which,  though 
favourable  for  the  growth  of  plants  widely  distributed  in  other 
parts  of  Scotland,  seem  to  have  favoured  the  existence  of  a  fauna 
peculiar  to  itself. 

P.S.  28th  July  1882. — Since  compiling  the  above  list,  a  few 
more  specimens  have  been  handed  to  me  for  examination.  Among 
them  were  the  two  following,  which  must  now  be  added  : — 

AliGiE. 

34.  Chondrites  Targioniiy  Brong. 

Incert^  Sedis. 

35.  PotkociteHf  sp. 
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5.  On  the  Formation  of  Serpentine  from  Dolomite.  By  J.  J. 
Dobbie,  M.A.,  D.Sc,  Assistant  to  the  Professor  of 
Chemistry,  University  of  Glasgow,  and  G.  G.  Henderson, 
B.Sc. 

Some  time  since,  specimens  of  a  peculiar-looking  rock,  found 
at  Fintry,  in  the  Campsie  district,  were  put  into  our  hands  for 
analysis.  The  specimens  were  of  a  light  chocolate-brown  colour, 
and  apparently  homogeneous.  They  were  somewhat  harder  than 
ordinary  limestone,  had  a  waxy  lustre,  and  broke  with  a  sharp- 
edged  splintery  fracture,  translucent  upon  the  thin  edges.  With 
hydrochloric  acid  they  effervesced  slowly,  at  the  same  time 
gelatinising.  The  specimens  were  weathered  white  to  a  consider- 
able depth. 

Analysis  proved  that  the  specimens  were  composed  principally 
of  lime,  magnesia,  silica,  carbonic  acid,  and  water,  and  that,  no 
withstanding  their  homogeneous  appearance,  they  varied  consider- 
ably in  composition.     Analysis  numbers  L  and  II.,  each  of  whic 
was  repeated  several  times,  represent  the  limits  of  this  variation. 


I. 


II. 


SiOj 

.       18-50 

Fe,0,      . 

2-67 

A1,0,      . 

4-63 

CaO 

.       25-39 

MgO       . 

.       23-65 

COj 

.       10-95 

H,0 

.       14-10 

99*89 

SiO, 

Fe,0, 

A1,0, 

CaO 

MgO 

CO, 

H,0 


22  03 

5-90 

24  01 

19*53 

8-20 

25<28 

99^ 


It  will  be  observed  that  in   Ko.    L  the  amount  of  water         is 
much  less  and  the  amount  of  carbonic  acid  much  greater  than.      in 
No.  IL     The    composition  of  the    specimens   was    thus   sho^^ra 
to  be  intermediate  between  that  of  dolomite  and  of  a  hjdnk.^^ 
silicate   of    lime   and   magnesia,   since,   the  carbonic  acid    h^ing 
insufficient  to  combine  even  with  all  the  lime,  the  remainder    of 
the  lime  and  the  magnesia  must  have  been  combined  with   the 
silica. 

We  were  at  once  struck  by  the  similarity  between  our  specimeiu 
and  certain    serpentines    occurring  at    Oxford,   Canada  (IsM^ 
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Petrographies  i.  324),  and  described  by  Sterry  Hunt  as  composed 
of  a  mixture  of  serpentine  with  carbonate  of  lime  and  magnesia. 
One  of  these  serpentines  contained  10  per  cent,  of  carbonate  of 
lime  with  a  small  percentage  of  carbonate  of  magnesia,  another  was 
a  mixture  in  almost  equal  proportions  of  serpentine  and  dolomite. 

We  had  been  led  to  believe  that  the  specimens  given  us  for 
analysis  had  been  found  in  situ,  but  on  inquiring  particularly  we 
discovered  that  they  had  been  broken  from  some  masses  lying 
near  a  lime-kiln,  and  in  short  that  they  were  pieces  of  the  ordi- 
nary dolomitic  limestone  of  the  district,  which  had  been  partially 
burned  in  the  kiln,  and  subsequently  hydrated  by  exposure  to  the 
weather. 

We  made  careful  analyses  of  the  unaltered  limestone  with  the 
view  of  ascertaining  the  precise  nature  of  the  change  undergone 
by  our  specimens.  The  following  numbers  may  be  taken  as 
fairly  representing  its  average  composition  : — 

SiO, 9-22 

1^:1 '•" 

CaO        .        .        .        .        .        .        .        27-78 

MgO 18*25 

CO, 40-90 

90-72 

Comparing  this  analysis  with  those  given  above  of  the  altered 
limestone,  it  will  be  at  once  obvious  that  the  difference  in  com- 
position is  exactly  of  the  nature  which  we  should  have  expected. 
In  one  case  the  carbonic  acid  has  been  almost  entirely  driven  off, 
^tid  in  the  other  case  the  percentage  has  been  reduced  from  40 
to  10.  In  other  words,  the  silica  originally  present  in  the  impure 
dolomite  has,  at  the  high  temperature  of  the  kiln,  displaced  the 
Carbonic  aoid  and  combined  with  the  bases.  The  carbonic  acid 
ill  the  altered  limestone  is,  as  already  pointed  out,  insufficient  to 
Combine  with  all  the  lime,  and,  as  we  shall  immediately  show, 
there  is  good  reason  for  believing  that  all  the  remaining  carbonic 
^id  is  in  combination  with  the  lime,  and  all  the  magnesia  and 
part  of  the  lime  in  combination  with  the  silica  If  by  any  means 
the  carbonate  of  lime  could  be  separated  from  the  silicate,  the 
Remainder  would  be  a  tolerably  pure  hydrated  silicate  of  magnesia, 
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Kow  the  removal  of  the  carbonate  of  lime  from  silicate  of  mag- 
nesia admits  of  easy  explanation,  on  the  supposition  that  the 
action  whereby  dolomite  limestone  is  converted  into  seipentine  is, 
as  Mr.  James  Geikie  long  ago  suggested  (Quart,  Jour.  OeoL  8m%, 
1866,  p.  533),  a  hydrothermal  action. 

Many  theories  have  been  advanced  to  account  for  the  formation 
of  serpentine.  Petrologists  are  nearly  all  agreed  in  attributing  to  it 
in  aU  cases  a  metamorphic  origin.  There  is,  however,  some  diyerntj 
of  opinion,  as  to  whether  it  has  in  every  instance  been  derived  from 
volcanic  rocks  by  the  alteration  of  magnesian  minerals,  or  whether 
in  certain  cases  it  ought  not  rather  to  be  regarded  as  a  prodael 
of  the  metamorphism  of  sedimentary  rocks.  Of  its  origin  in  many 
cases  from  volcanic  rocks  rich  in  magnesia  there  cannot  be  the 
slightest  doubt 

So  long  ago  as  1835,  Quenstedt  (Pogg.,  Ann.  1835,  xxxvi  370} 
showed  that  the  celebrated  serpentine  crystals  of  Snarum,  in  South 
Norway,  were  in  reality  pseudomorphs  of  serpentine  after  olivine, 
and  though  his  views  were  not  universally  accepted  at  the  time, 
they  have  since  been  fully  confirmed  both  by  mineralogists  and  by 
chemists.     Gustav  Rose  (Pogg.,  Ann.  1851,  IxxxiL  511)  showed, 
from  the  chemical  point  of  view,  that  olivine  would  by  a  slight 
alteration  in  its  composition  pass  readily  into  serpentine ;  and  since 
his  time  numerous  microscopists  have  demonstrated  that  the  olivine 
of  many  basalts  is  in  process  of  undeigoing  this  changa    The 
theory  of  the  alteration  of  volcanic  rocks  rich  in  magnesian  misenk 
into  serpentine,  affords  a  satisfactory  explanation  of  its  occunencem 
veins  and  dykes.     But,  on  the  other  hand,  its  frequent  oocmieiioe  in 
beds  interstratified  with  limestone,  dolomite,  and  occasionally  sclusti) 
would  seem  to  indicate  in  these  cases  a  different  origin.    Boae^  in 
the  paper  already  cited,   expresses   the  opinion  with  regaid  ^ 
serpentine  in  dolomite,  occurring  in  crystalline  schistose  locb  in 
Silesia,  that  it  has  been  formed  by  the  alteration  of  the  dolomites 
Sterry  Hunt  attributes  a  similar  origin  to  the  serpentines  oftbs 
Laurentian  series  in  Canada  (PhU.  Mag.,  1867,  xiv.  388).    Vo|g« 
{Entmckelungsgeachichie  der  Mineralien  der  Talc-glimmer  FmfSi^ 
adopts  the  same  view,  and   more  recently  Mr.  James  Geikie  btf 
applied  this  theory  to  explain  the  formation  of  the  serpeiitiiM  of 
Carrick  in  Ayrshire  (Zoc  dt). 
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Both  on  stratigraphical  and  chemical  grounds,  the  conversion  of 
dolomitic  limestone  into  serpentine  seems  probable,  but,  so  far  as  we 
are  awBiOi  no  one  has  as  yet  pointed  out  the  precise  nature  of  the 
reactions  inyolved  in  this  change. 

Carbonate  of  magnesia  decomposes  at  a  much  lower  temperature 
than  carbonate  of  lime,  the  difference  between  the  decomposing 
points  being  so  great  that  it  is  practically  made  use  of  in 
Pattinson's  process  for  the  preparation  of  magnesia  from  the 
magneeian  limestone  of  Durham.  The  limestone  is  calcined  in  close 
iron  vessels  at  a  dull  red  heat,  the  carbonate  of  magnesia  alone 
undergoing  decomposition  at  this  temperature  {Pharmaceutical 
Journal^  1844,  iii  424).  Kow  it  is  easy  to  understand  that  if  a 
rock,  such  as  the  Campsie  limestone,  containing  carbonate  of  lime, 
carbonate  of  magnesia  and  silica,  were  heated  to  a  temperature 
sufficient  to  decompose  the  carbonate  of  magnesia,  but  not  the 
carbonate  of  lime,  the  magnesia  at  the  moment  of  liberation  would 
combine  with  the  silica,  forming  silicate  of  magnesia.  Adopting 
the  theory  of  hydrothermal  action,  the  carbonic  acid  set  free  from 
the  magnesia  would  be  taken  up  by  water,  and  would  act  as  a 
solvent  upon  the  carbonate  of  lime,  removing  it,  and  leaving  behind 
hydrated  silicate  of  magnesia  only. 

That  the  carbonate  of  lime  has  not  been  removed  from  the 
specimens  of  the  Campsie  limestone  which  had  passed  through  the 
kiln,  is  simply  due  to  the  fact  that  there  was  no  water  present  to 
take  up  the  carbonic  acid.  We  do  not  mean,  of  course,  to  assert 
that  in  every  instance  this  has  been  the  character  of  the  change, 
whereby  dolomite  has  been  altered  to  serpentine,  but  in  the  case 
of  impure  dolomites  containing  sand,  the  explanation  is  more 
satisfactory  than  Sterry  Hunt's  somewhat  vague  theory  of  the 
action  of  heated  solutions  of  alkaline  silicates. 

The  theory  which  we  have  briefly  sketched  seems  to  reconcile 
^tigfactonly  many  of  the  facts  connected  with  the  composition  and 
Occurrence  of  serpentine.     It  explains — 

(1)  The  peculiar  composition  of  such  serpentines  as  those  of 
Canada,  and  the  frequent  occurrence  of  carbonate  of  lime  and  car- 
^nate  of  magnesia  in  the  serpentine  of  other  localities  (Zirkel, 


^    r%^ t\ 
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(2)  The  occurrence  of  serpentine  in  beds  inierstratified  with 
sedimentary  rocks. 

(3)  The  frequent  association  of  serpentine  with  dolomite  and 
limestone.  In  these  cases  in  which  dolomite  contains  the  xequisite 
amount  of  silica,  all  the  magnesia  would  be  converted  into 
serpentine,  and  it  would  be  found  associated  with  limestone  only. 

(4)  Its  association  with  schists,  which  were  probably  altered  from 
the  clays  and  sandstones  interstratified  with  the  dolomite,  by  the 
same  agencies  as  those  which  converted  the  dolomite  into  serpentine. 

In  conclusion,  we  may  state  that  we  are  engaged  in  making 
experiments  upon  the  direct  conversion  of  the  Campsie  limestone 
into  serpentine,  and  upon  the  influence  exercised  by  one  carbonate 
upon  the  decomposing  point  of  another,  with  which  it  is  mixed. 


Monday,  Srd  April  1882. 

Professor  BALFOUR,  M.D.,  Vice-President, 

in  the  Chair. 

The  following  Communications  were  read : — 

1.  On  the  Figures  of  Equilibrium  of  a  Rotating  Mass  of  Fluici 

By  Sir  William  Thomson. 

(a)  The  oblate  ellipsoid  of  revolution  is  proved  in  Thomson  m,Tid 
Tait's  Natural  Philosophy  (first  edition,  §  776,  and  the  Table    of 
§  772)  to  be  stable,  if   the   condition  of  being  an  ellipsoid    of 
revolution  be  imposed.     It  is  obviously  not  stable  for  very  grei^ 
eccentricities  without  this  double  condition  of  being  both  a  iigon 
of  revolution  and  ellipsoidal 

(h)  If  the  condition  of  being  a  figure  of  revolution  is  impoi^^ 
without  the  condition  of  being  an  ellipsoid,  there  is,  for  Itfg^ 
enough  moment  of  momentum,  an  annular  figure  of  eqailibnon 
which  is  stable,  and  an  ellipsoidal  figure  which  is  unstabla  It  ^ 
probable,  that  for  moment  of  momentum  greater  than  one  defioi^ 
limit  and  less  than  another,  there  is  just  one  annular  6gon  ^ 
equilibrium,  consisting  of  a  idngle  ring. 

(c)  For  sufficiently  large  moment  of   momentum  it  is  wrto» 
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that  the  liquid  may  be  in  equilibrium  in  the  shape  of  two,  thieOi 
four,  or  more  separate  rings,  with  its  mass  distributed  among  them 
in  arbitraiy  portions,  all  rotating  with  one  angular  velocity,  like 
parts  of  a  rigid  body.  It  does  not  seem  probable  that  the  kinetio 
equilibrium  in  any  such  case  can  be  stable. 

(d)  The  condition  of  being  a  figure  of  equilibrium  beiog  still 
imposedf  the  single-ring  figure,  when  annular  equilibrium  is 
jpoesible  at  all,  is  probably  stable.  It  is  certainly  stable  for  very 
^latge  values  of  the  moment  of  momentum. 

(e)  On  the  other  hand,  let  the  condition  of  being  ellipsoidal  be 
imposed,  but  not  the  condition  of  being  a  figure  of  revolution.  It 
^  proved  in  Thomson  &  Tait's  Natural  Philosophy,  that  whatever 

l>e  the  moment  of  momentum,  there  is  one,  and  only  one,  xevQlu- 

^onal  figure  of  equilibrium. 

I  now*  find  that, 

(1)  ^0  equilibrium  in    the    revolutional  figure  is  stable^  or 


^instable,  according  as/  ^=  !l^—f\  is  <  or  >  1-39457. 

(2)  When  the  moment  of  momentum  is  less  than  that  which 
*»^akes  /=  1-39457  (or  eccentricity  =-812663)  for  the  revolutional 
^^S'Ure,  this  figure  is  not  only  stable,  but  unique. 

(3)  When  the  moment  of  momentum  is  greater  than  that  which 

**^^ke8/=  1-39457  for  the  revolutional  figure,  there  is,  besides  the 

^^^^table  revolutional  figure,  the  Jacobian  figure  with  three  unequal 

*^^  which  is  always  stable  if  the  coTidition  of  being  ellipsoidal  is 

^"'^posed.    But,  as  will  be  seen  in  (/)  below,  the  Jacobian  figure, 

^thout  the  constraint    to   ellipsoidal  figure,   is   in    some  cases 

^^^'^tainly  unstable,  though  it  seems  probable  that  in  other  cases  it 

^  stable  without  any  constraint 

(/)  Referring  to  Thomson  &  Tait's  Natural  Philosophy,  §  778, 
*^  choosing  the  case  of  a  a  great  multiple  of  b,  we  see  obviously 
^t  the  excess  of  b  above  e  must  in  this  case  be  very  small  in 
^^^parison  with  c.  Thus  we  have  a  very  slender  ellipsoid,  long  in 
^•^  direction  of  a,  and  approximately  a  prolate  figure  of  revolution 
^«*tively  to  this  long  a-axis,  which,  revolving  with  proper  angular 
^^locity  round  its  shortest  axis  c,  is  a  figure  of  equilibrium.     The 

^Voof  of  these  results,  (1),  (2),  and  (3)  will  be  found  in  the  forthcoming 
^  ^tion  of  Thomson  k  Tait's  Natural  Philosophy,  voL  L  part  ii. 
^OL.  XL  4  0 
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motion    so    constituted^    which,    without    any    constraint|    is  a 
configuration  of  TniTiimnm   energy  or  of  Tninimax  energy  or  of 
maximum  energy,  for  given  moment  of  momentum,  is  a  configara- 
tion  of  minimum  energy  for  given  moment  of  momentum,  subject  to 
iJie  condition,  that  the  shape  is  constrainedly  an  ellipsoid     From 
this  proposition,  which  is  easily  verified,  in  the  light  of  §  778  of 
Thomson  &  Tait's  Natural  Philosophy^  I  infer  that,  with  the 
ellipsoidal  constraint,  the  equilibrium  is  stable.     The  revolutional 
ellipsoid  of  equilibrium,   with  the  same  moment  of  momentum, 
is  a  very  flat  oblate  spheroid;   for  it  the  energy  is  a  minimaT, 
because  clearly  it  is    the  smallest    energy   that   a    revolutional 
ellipsoid  with  the  same  moment  of  momentum  can  have,  but  it  is 
greater  than  the  energy  of  the  Jacobian  figure  with  the  same 
moment  of  momentum 

{g)  If  the  condition  of  being  ellipsoidal  is  removed  and  the 
liquid  left  perfectly  free,  it  is  clear  that  the  slender  Jacobian 
ellipsoid  of  (/)  is  not  stable,  because  a  deviation  from  ellipsoidal 
figure  in  the  way  of  thinning  it  in  the  middle  and  thickening  it 
towards  its  ends,  or  of  thickening  it  in  the  middle  and  tbinning  it 
towards  it  ends,  would  with  the  same  moment  of  momentum  gi^^ 
less  enei^.  With  so  great  a  moment  of  momentum  as  to  give  an 
exceedingly  slender  Jacobian  ellipsoid,  it  is  clear  that  another 
possible  figure   of    equilibrium  is,   two    detached    approximately 

• 

spherical  masses,  rotating  (as  if  parts  of  a  solid)  round  an  axu 
through  their  centre  of  inertia,  and  that  this  figure  is  stabla  B  u 
also  clear  that  there  may  be  an  infinite  number  of  such  stahle 
figures,  with  different  proportions  of  the  liquid  in  the  two 
detached  masses.  With  the  same  moment  of  momentum  there  v» 
also  configurations  of  equilibrium  with  the  liquid  in  divers  pIopo^ 
tions  in  more  than  two  detached  approximately  spherical  masses. 

iji)  No  configuration  in  more  than  two  detached  masses 
has  secular  stability  according  to  the  definition  of  (Jc)  below, 
and  it  is  doubtful  whether  any  of  them,  even  if  undisturbed  bj 
viscous  influences,  could  have  true  kinetic  stability;  at  •1* 
events,  unless  approaching  to  the  case  of  the  three  matflO^ 
points  proved  stable  by  Gascheau  (see  Bouth's  Bigid  Dpo/^ 
§  475,  p.  381). 

(/)  The  transition  from  the    stable    kinetic  eqoilibziiun  of  * 


I 
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uid  mass  in  two  equal  or  unequal  portions,  so  far  asunder 
ftt  each  is  approximately  spherical,  but  disturbed  to  slightly 
)Iate  figures  (according  to  the  well-known  investigation  of 
oilibriuni  tides,  given  in  Thomson  &  Tait's  Natural  Philoaophyy 
304),  and  to  the  more  prolate  figures  which  would  result  from 
btraction  of  energy  without  change  of  moment  of  momentum, 
rried  so  far  that  the  prolate  figures,  now  not  even  approximately 
iptic,  cease  to  be  stable,  is  peculiarly  interesting.  We  have  a 
)8t  interesting  gap  between  the  unstable  Jacobian  ellipsoid 
len  too  slender  for  stability,  and  the  case  of  smallest  moment 

momentum  consLstent  with  stability  in  two  equal  detached 
rtions.  The  consideration  of  how  to  fill  up  this  gap  with 
bermediate  figures  is  a  most  attractive  question,  towards 
swering  which  I  at  present  can  offer  no  contribution. 
(/)  When  the  energy  with  given  moment  of  momentum  is  either 
miTiiTniiTn  or  a  maximum,  the  kinetic  equilibrium  is  clearly  stable, 
the  liquid  is  perfectly  inviscid.  It  seems  probable  that  it  is 
lentially  unstable  when  the  energy  is  a  minimax ;  but  I  do  not 
low  that  this  proposition  has  been  ever  proved. 
(ife)  If  there  be  any  viscosity,  however  slight,  in  the  liquid,  or 
there  be  any  imperfectly  elastic  solid,  however  small,  floating 
L  it  or  sunk  within  it,  the  equilibrium  in  any  case  of  energy 
ther  a  minimax  or  a  maximum  cannot  be  secularly  stable; 
id  the  only  secularly  stable  configurations  are  those  in  which 
e  energy  is  a  minimum   with  given  moment  of  momentum. 

is  not  known  for  certain  whether  with  given  moment  of 
omentam  there  can  be  more  than  one  secularly  stable  configur- 
ion  of  equilibrium  of  a  viscous  fluid,  in  one  continuous  mass, 
it  it  seems  to  me  probable  that  there  is  only  one. 

L  Notes  on  Atmospheric  Electricity.    By  0.  Michie  Smith. 

Before  leaving  for  India,  in  the  end  of  1876,  it  occurred  to  me 
lal^  as  almost  nothing  seemed  to  be  known  about  atmospheric 
ectricity  in  the  tropics,  it  would  be  well  if  I  could  take  with  me 
ie  apparatus  necessary  for  making  observations  on  it  I  ac- 
ndingly  communicated  with  Sir  William  Thomson,  who  kindly 
btained  for  me  a  grant  from  the    British  Association,  for   a 
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portable  electroineter.    This  mstroment  I  took  with  me,  and  the 
following  are  the  results  of  the  observations  made  with  it 

During  the  voyage  a  number  of  observations  were  made,  but  of 
these  only  two  sets  were  of  any  special  interest.  The  first  of 
these  was  made  in  the  Suez  Canal,  on  Dea  22nd.  At  8  am.,  at 
noon,  and  again  at  8  p.m.  the  readings  showed  a  negative  electrifica- 
tion of  from  three  to  eight  divisions  on  the  scale,  the  weather 
being  entered  as  "  fine  and  bright "  and  the  wind  as  "  S.,  very 
light,"  "E.  by  S.,  light  breeze,"  and  "  E.S.K,  Ught^"  respectively ; 
while  readings  taken  at  1.30  p.m.  and  7.30  p.m.  gave  a  positive 
electrification  of  eight  divisions  on  each  occasion.  This  has  oonsid6^ 
able  interest  in  connection  with  some  observations  made  in  Madras. 

The  other  set  was  made  in  the  Bed  Sea,  during  a  rather  violent 
squalL  In  this  case  the  readings  varied  very  rapidly,  fo>m  strong 
negative  to  strong  positive,  the  readings  an  hour  and  a  half  before 
having  been +  18  divisions.  The  variations  took  place  so  rapidly 
that  no  quantitative  observations  could  be  made,  and  in  a  few 
minutes,  when  the  squall  had  passed  over,  the  readings  were  found 
to  be  much  as  before,  viz.,  +  17  divisions. 

Is  Madras^  a  series  of  observations  were  made,  extending  front 
17th  Jan.  to  4th  March  1877.  These  were  made  at  8.30  ani 
and  6  p.m.  and  showed  a  wonderfully  steady  state  of  electrification, 
varying  from  a  maximum  of  +  53  to  + 19,  with  an  average  of3+^ 
The  morning  and  evening  readings  usually  agreed  very  dosd/* 
In  every  case  the  electrification  was  positive,  and  the  weatb^ 
was  fine  without  any  rain. 

During  this  time  the  electrometer  had  to  be  recharged  evtfT 
two  or  three  days,  an  operation  which,  though  very  simple  ^ 
this  cUmate,  is  by  no  means  so  simple  in  a  climate  so  moift  9B 
that  of  Madras.  After  a  time,  I  found  it  impossible  to  continQ^ 
the  observations  at  all,  and  sent  the  instrument  home,  to  see  if  i^ 
could  be  in  any  way  modified  so  as  to  suit  the  dimata  On  i^ 
return  after  a  long  delay,  I  found  it  leaked  as  badly  as  beto^ 
and  so  rendered  observations  almost  impossible^  The  reason  ^ 
doubtless  to  be  found  in  the  circumstance,  that  the  air  of  Ibi^ 
is  not  only  moist,  but  is  also  very  full  of  small  paiiifolm  of  ^ 
which  are  constantly  being  carried  from  the  surf  by  the  sea  Ivb^ 
The  glass  of  the  jar  soon  gets  coated  with  these  partiebi^  9ai  ^ 


of  Edinburgh,  Session  1881-82.  615 

amount  of  edinple  drying  will  then  make  the  insolation  good.  That 
the  fanlt  did  not  lie  in  the  jar  itself  I  have  tested  since  my  return 
to  thig  country,  for  I  find  that  here  the  leakage  is  less  than  1*5 
per  cent  per  diem,  while  in  Madras  it  was  often  oyer  30  per  cent 
per  diem. 

On  account  of  these  difficulties,  I  was  unable  to  make  any  long 
seriee  of  observations,  but  in  July  of  last  year  (1881)  I  made  a 
few,  that  were  specially  interesting  as  being  the  only  ones  in  which 
I  have  observed  negative  electrification  in  Madras,  except  during 
thunderstorms. 

Ihe  observations  were  as  follows  : — 


aly 

Beading. 

5 

1  P.M. 

Strong  land  wind, 

Temp.  94*"  F.  -  74  \     In  each  case 

6 

»» 

If 

„            - 16  /  therewere  local 

7 

tt 

tt 

„                0  i  showers  within 

7 

2.20 

I* 

,,            - 15  /  3  or  4  hours. 

These  observations  are,  of  course,  too  few  to  found  any  theory 
upon,  but  those  who  are  acquainted  with  the  peculiar  sensations 
produced  by  the  land  wind  in  Madras,  will  feel  that  the  point  is 
worth  investigation,  and  I  hope  on  my  return  to  Madras  to  be  able 
to  take  with  me  improved  apparatus,  with  which  to  continue  the 
observations. 


3*  Becent  Tests  of  Swan's  Lamp  for  Fall  of  Besistance,  with 
increase  of  Electromotive  Force,  and  Batio  of  Candle- 
power  to  Work  expended.  By  Mr.  A.  Jamieson.  Com- 
municated by  Professor  ChrystaL 


^  Communication  of  Preliminary  Observations  made  by  the 
Committee  appointed  by  the  Highland  and  Agricultural 
Society  to  investigate  the  Nature  and  Causes  of  the 
Sheep  Diseases  known  as  Louping-ill  and  Braxy. 

The  two  diseases  have  been  long  known  in  Scotland,  and  are  the 
^^^  of  serious  loss  to  stock  owners.  Well-informed  breeders  have 
^^^Unated  the  loss  at  not  less  than  half  a  million  sterling  annually* 
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They  resemble  each  other  in  being  peculiar  to  certain  districts,  and 
in  prevailing  at  certain  seasons  of  the  year.     Louping-ill  is  most 
frequently  met  with  in  the  southern  and  western  counties,  and 
chiefly  affects  sheep  feeding  on  rough  hill  pastures.     It  occurs 
during  May  and  early  in  June,  and  is  most  fatal  amongst  lambs,  but 
old  sheep,  cattle,  pigs,  and  even  poultry  are  liable  to  it     A  few 
sporadic  cases  are  met  with  in  October,  especially  in  the  Western 
Highlands,  where  it  is  known  under  the  name  of  trembling.    Braxy, 
known  also  as  inflammation  and  sickness,  is  more  general  in  its 
occurrence,  and  aflects  high  and  low  pastures  alika     It  is  more  or 
less  prevalent  from  October  till  February,  and  attacks  sheep  in  good 
condition.     There  is  thus  a  summer  and  a  winter  visitation,  and 
when  these  occur  in  the  same  district  the  mortality  is  often  veiy 
great,  sometimes  carrying  off  nearly  half  of  the  stock.     In  the  year 
1878  the  Teviotdale  Farmers'  Club  began  to  investigate  the  nature 
and  causes  of  louping-ill,  and  collected  a  considerable  amount  of 
information    derived    from    stock    owners,  shepherds,  veteiinaiy 
surgeons,  and  others  interested  in  the  subject     They  also  employed 
Mr.   Brotherston  of  Kelso  to  make  an  examination  of  pastmei 
where  the  disease  prevailed,  and  published  the  results  obtained  in 
the  form  of  a  pamphlet 

These  results  showed  that  nothing  very  precise  was  known 
regarding  the  nature  of  the  disease,  and  that  the  causes  ascribed  to 
it  were  very  various.  The  general  causes  were  said  to  be  cold  wet 
weather,  and  especially  the  prevalence  of  east  wind,  poverty  after  the 
privations  of  severe  winter,  the  eating  of  rough  decayed  grass  jiut 
before  the  young  grass  had  become  plentiful  enough  to  give  a  Wl 
bite,  the  sudden  transition  horn  old  to  young  grass  and  other  caQ8e& 

The  result  of  Mr.  Brotherston's  investigation  led  him  to  think 
that  the  disease  was  caused  by  ergot  and  other  fungi,  which  he 
found  growing  very  generally  upon  the  old  withered  gr«** 
Another  special  cause  assigned  was  the  bites  of  ticks,  which  tf^ 
said  to  be  invariably  found  on  sheep  affected  with  loupiBg-i''' 
Experiments  were  made  to  test  the  ergot  theoiy,  but  they  W  ^ 
no  positive  result  In  the  spring  of  1881  the  Highland  and 
Agricultural  Society  was  asked  to  take  up  the  investigation,  and 
it  at  once  appointed  a  Committee,  and  voted  a  fund  for  the  pnxpo* 

The  first  thing  the  Committee  had  to  do  was  to  aaraxe  theoaahai 
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that  there  was  a  special  disease  called  louping-ill,  and  if  so,  to  be 
able  to  recognise  it  This  was  a  subject  of  some  difficulty,  as  the 
sheep  and  lambs  which  were  found  affected  lay  far  and  wide  among 
the  hills.  As  was  anticipated,  a  considerable  number  of  diseases 
were  found  to  be  grouped  under  the  name  of  louping-ilL  Among 
these  Professor  Williams  distinguished  joint-ill,  navel-ill,  impaction 
of  wool  in  the  fourth  stomach  of  young  lambs,  and  other  inflam- 
matory ailments  incident  to  the  lambing  season,  or  to  inclemency  of 
weather.  Besides  these,  however,  there  was  found  to  be  a  special 
kind  of  disease  affecting  the  nervous  system,  which  had  well- 
marked  symptoms  and  interesting  peculiarities,  some  of  which  are 
described  in  the  pamphlet  above  mentioned.  It  is  found  to  be 
frequently  very  much  localised,  and  to  attach  itself  to  special 
pastures,  so  that  a  wall  or  partition  may  divide  an  unhealthy 
pasture  from  one  in  which  louping-ill  is  unknown ;  and  that  even 
without  any  partition,  one  side  of  a  hill  may  be  healthy  and  the 
other  unhealthy;  and  that  the  hirsel  belonging  to  the  one  side  of 
the  hill  may  have  many  cases  of  louping-ill,  while  that  belonging 
to  the  other  side  may  be  free  from  it,  although  both  hirsels  may 
meet  and  feed  together  during  some  hours  every  day.  Sheep 
coming  from  a  district  where  louping-ill  is  unknown,  if  put  upon 
what  is  called  louping-ill  land,  die  off  very  rapidly.  Stock  owners 
are  well  aware  of  this,  and  when  adding  to  their  stock  on  louping-ill 
land,  are  careful  to  procure  sheep  from  a  district  where  the  disease 
is  known  to  prevail.  On  the  other  hand,  cases  are  recorded  where 
aheep  in  travelling  from  one  sound  pasture  to  another,  having  passed 
over  a  louping-ill  district,  have  introduced  the  disease  upon  land 
which  had  previously  been  exempt  from  it.  Instances  are  also  met 
with  where  pastures  seriously  affected  with  louping-ill  have  been 
rendered  healthy  by  means  of  liming  and  draining,  and  depasturing 
with  cattle  instead  of  with  sheep  for  some  years.  There  seems  to 
be  no  doubt  that  the  disease  is  due  to  something  on  the  land  and 
in  the  pasture,  and  the  whole  circumstances  seemed  to  some  of  the 
committee  to  point  strongly  to  the  probability  of  its  being  a  disease 
of  an  orgamsmal  kind,  comparable  with  those  which  have  recently 
been  brought  to  light  by  the  researches  of  Pasteur  and  other  investi- 
gators. The  disease  is  not  amenable  to  treatment,  and  runs  its 
coarse  sometimes  very  rapidly.    Instances  are  given  in  which  sheep, 
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appaienilj  well,  haye,  when  startled,  fallen  suddenly  down,  and 
died  almost  immediately;  and  it  is  asserted  that  the  number  of 
deatiis  from  louping-ill  may  be  greatly  increased  by  xough  herding. 
It  is  probable  that  death  caused  in  this  way  may  be  due  to  shock, 
and  have  nothing  to  do  with  louping-ill,  for  sheep  are  very  nervous 
animals,  and  easily  frightened.  "No  cases  of  that  kind  haye  come 
under  our  notice.  More  commonly  the  disease  comes  on  gradually, 
and  the  first  symptoms  noticed  are  uncertainty  of  gait  and  lameness, 
also  loss  of  appetite,  and  consequent  falling  off  in  condition.  If  the 
case  is  a  serious  one,  the  next  thing  noticed  is  the  inability  of  the 
sheep  to  rise.  It  struggles  to  do  so,  but  has  lost  power  in  its  fore 
or  hind  limbs,  and  lies  sprawling.  The  head  is  usually  thrown  back, 
and  the  animal  grows  gradually  weaker.  It  is  seen  to  tremble 
occasionally,  and  its  lijM  frequently  quiver,  its  teeth  chatter,  and 
there  is  a  frothy  discharge  from  the  mouth.  These  symptoms  may 
continue  for  a  week,  or  even  a  fortnight,  and  recovery  is  not  impos- 
sible at  almost  any  stage,  but  the  proportion  which  recoyero  is  yery 

The  following  is  Mr.  Hamilton's  diagnosis  of  a  characteristic 
of  louping-ill,  which  occurred  at  Drynoch,  in  Skye.     It  was 
case  of  a  lamb,  which  had  been  ill  for  five  daya     It  had  had  join 
ill  in  the  spring,  the  joint  had  been  opened  under  antiseptics,  anc^^  _d 
the  recovery  was  satisfactory : — 

"  Found  lying  on  right  side,  eyes  open,  no  squint,  pupils 
medium  size,  struggles  spasmodically  when  approach 
If  hind   leg  is  lifted,  and  allowed  to  fall,  there  is 
attempt  at  motion.    If  fore  leg  is  treated  in  similar  maon 
it  is  moved  to  and  fro  before  reaching  the  ground.    Wh 
held  up  by  wool  of  back,  it  moves  freely,  and  can  stand 
the  fore  legs,  but  the  hind  feet  are  fixed  in  the  ground,  an  J 
there  are  many  clonic  spasms  in  the  hind  legs,  which  r^ 
main  extended.    When  lying  on  its  side,  if  one  of  the  hind 
legs  are  pricked,  there  is  a  slight  reflex  movement,  and  tie 
animal  seems  to  feel  it  slightly.     When  the  fore  legs  m 
pricked,  they  are  immediately  drawn  up  and  retracted. 
When  pricked  on  the  trunk  at  yorious  places,  there  eeeai 
to  be  least  sensibility  to  pain  in  the  hind  quaiten*   ^ 
can  move  its  tail.     It  occasionally  grinds  its  teethy  v 
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has  slight  shiveiings.     Kespiiations  30,  pulse  104,  feeble 
and  intermittent  temperature  lOG*"  Fahr. 
"  Hearing  and  sight  unimpaired.    Ears  move  freely  and  fre- 
quently.    Kose  and  lips  not  unusually  dry.    It  attempts 
to  nibble  grass  in  neighbourhood,  and  sprawls  with  the 
fore  legs.     Head  drawn  back.     Muscles  of  extremities 
relaxed. 
"  Four  hours  after  these  observations,  the  left  hind  leg  was 
completely  paralysed." 
The  lamb  was  evidently  mnking  rapidly,  and  could  not  recover. 
Accordingly  it  was  killed,  and  the  ppst-mortein  appearances  were  as 
follows : — 

''  Several  of  the  ecchymoses  in  subcutaneous  tissue  of  lumbar 
region  (probably  because  it  had  been  lying  for  several 
days).    Lungs  comparatively  healthy.     Some  strongyles. 
Liver  showed  at  one  part  several  grey-coloured  nodules 
the  size  of  a  split-pea  (perhaps  small  incipient  abcesses). 
Kidneys,  spleen,  and  other  organs  healthy.     Small  intes- 
tine showed  several  small  punctiform  ecchymoses  in  the 
serous  coat.    Solitary  glands  not  enlarged.     Rumen  con- 
tained much  undigested  grass.     Small  intestine  empty. 
Brain  and  spinal  cord  apparently  quite  healthy." 
These  are  the  symptoms  and  post-mortem  appearances  of  what 
Seemed  an  undoubted  case  of  louping-ilL     Mr.  Scott,  Drynoch,  put 
his  small  laboratory  at  our  service,  and  Mr.   Hamilton  and  I 
^mained  for  some  days,  in  order  to  determine  whether  the  disease 
Was  one  of  an  organismal  kind.    We  found  in  the  blood,  but 
especially  in  the  cerebrospinal  fluid,  a  number  of  exceedingly  small 
funded  organisms  frequently  going  in  pair&     We  endeavoured  to 
Cultivate  these  in  a  weak  decoction  of  mutton.     The  cerebro-spinal 
fluid  was  cultivated  in  drops  of  the  decoction  attached  to  the  lower 
Surface  of  thin  cover  glasses,  which  were  set  on  rings  of  putty  that 
had  been  arranged  on  glass  slides,  so  as  to  form  an  efficient  live-box, 


•  -  • 


Fig.  1. 

aa  in  fig.  1.    Three  of  these,  along  with  other  three  containing  drops 
of  the  decoction  which  had  not  been  inoculated,  were  put  in  a 
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warm  cliainbeT  for  thirteen  houTB,  when  it  was  found  that  the  three 
which  had  been  touched  with  cerebro-epinal  fluid  were  caltivating 
vigorously,  while  the  other  three  remained  barren. 

The  cultures  consisted  of  little  round  organisms,  which  moved 
about  rapidly  either  singly  or  in  pairs,  and  were  in  some  places 
aggregated  so  as  to  form  a  zooglsea,  and  across  the  field  was  stretched 
a  fine  branching  mycelium. 

A  second  culture  was  made  from  one  of  the  slides,  and  after  a 
few  hours  it  was  seen  to  be  growing  rapidly,  but  unfortunately  a 
sudden  rise  of  temperature  succeeded  the  cold  weather^  for  which 
the  baths  had  been  regulated,  and  all  the  cultures  were  exposed  for 
some  hours  to  a  temperature  over  100°  Fahr.,  which  put  a  stop  to 
all  growtL 

The  blood  was  cultivated  in  the  same  decoction,  contained  in  testis 
tubes  plugged  with  cotton  wadding,  through  which  it  had 
previously  boiled.     The  cultures  grew  slowly,  but  the  appearancet 
they  presented  were  similar  to  those  obtained  with  the  cereb 
spinal  fluid,  though  not  so  well  marked.     One  of  these  which  hac 
been  put  aside  for  examination  escaped  the  accident  above  refe 
to,  and  the  cultures  exhibited  under  the  microscopes  were  derive 
from  that  source  (fig.  2). 

The  restdts  we  have  obtained  so  far  lend  strong  support  to  t 
view  that  louping-ill  is  a  disease  due  to,  or  connected  with, 
organism  whose  locus  is  chiefly  in  the  cerebro-spinal  fluid, 
which  also  seems  to  be  found  in  the  blood.     Arrangements 


been  made  by  Professor  Williams,  Mr.  Hamilton,  and  myself  to 

pursue  this  and  other  lines  of  inquiry  in  the  season  which  is  no^r^  at 

hand. 

Braxy  or  "  Sickness." 

This  is  a  disease  which  has  been  long  known.     It  prevails  o"i^^ 
wide  districts,  and  is  very  fatal     It  usually  runs  a  rapid  course,  axac/ 
sheep  attacked  by  it  are  generally  found  dead  before  they  have  I:>eei2 
noticed  to  be  ailing.     The  symptoms  are  very  diflerent  from  iiiose 
of  louping-ill.     The  patients  display  symptoms  of  great  naS&rlDgt 
they  are  scarcely  able  to  walk,  but  they  stand  with  their  head  'bent 
down  and  their  feet  drawn  together  beneath  them.     The  abdoiD^ 
becomes  much  swollen,  and  they  lie  down,  and  do  not  lise  agiin. 
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Afler  death  putrefaction  sets  in  very  rapidly,  attended  with  a 
peculiarly  disagreeahle  and  almost  intolerahle  odour. 

Post-mortem  examination  shows  all  the  organs  to  he  normal 
except  the  alimentary  tract,  which  contains  patches  (sometimes  very 
large)  of  intensely  congested  mucous  tissua  These  occur  chiefly  at 
the  pyloric  end  of  the  fourth  stomach  and  along  the  duodenum,  hut 
smaller  patches  are  usually  found  far  along  the  small  intestina 
The  inflammation  is  confined  to  the  mucous  coat,  the  serous  coat 
over  the  patches  remaining  quite  healthy.  The  swelling  is  chiefly 
due  to  flatus,  hut  the  cases  we  examined  also  contained  a  great 
excess  of  peritoneal  fluid,  though  no  evidence  could  he  found  of 
j>eritonitis  in  the  form  of  lymph  over  the  surface  or  adhesion  of  the 
Intestines. 

A  section  of  the  congested  mucous  coat  seen  through  the  micro- 
scope presents  a  most  extraordinary  appearance.  The  tissue  is 
densely  crowded  with  large  rod-like  hacilli,  and  these  especially 
^rowd  the  interfihrillar  spaces  of  the  mucous  and  suh-mucous  coats. 
*!rhe  hacilli  resemhle  the  Bacillus  anthracis,  and  they  are  found 
mhundantly  in  the  hlood  (fig.  3). 

During  the  winter  we  ctdtivated  the  hacillus  in  various  media, 
mud  find  that  it  cultivates  with  great  facility,  even  at  ordinary 
"^mperatures.  Under  the  microscopes  on  the  tahle  are  to  he  seen 
;]>re8ervations  of  the  hacillus  in  its  various  stages  of  cultivation. 
"IThe  largest  are  those  ohtained  hy  growing  the  organism  in  the 
;2>eritoneal  fluid  itself ;  next  are  those  ohtained  in  serum  and  aqueous 
lumour,  and  hy  cultivating  from  these  in  thin  meat  soup  the  hacillus 
"l)6Come8  gradually  smaller  and  more  attenuated. 

We  hope  that  we  may  find  that  the  attenuated  hacillus  may  he 
:ffound  capahle  of  heing  used  for  inoculating  sheep,  so  as  to  insure 
^em  against  death  from  this  disease,  in  the  same  manner  as  has 
"l)een  practised  in  France  with  such  hrilliant  success  hy  Pasteur. 


Professor  Tait's  papers  on  "  Beknottedness,"  on  "  The  Form  of 
"the  Meridian  Sections  of  Saturn's  Ring,"  and  on  "  The  Velocity- 
l^otential,"  were  laid  on  the  table.  They  will  he  printed  at  the  end 
of  the  yolume. 
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PRIVATE  BUSINESS. 


Mr  J.  A.  Dixon,  Professor  D.  H.  Marshall,  ProfesscHr  C.  Michie 
Smith,  and  Mr  Josiah  Livingston,  were  balloted  for  and  declared 
duly  elected  Fellows  of  the  Society. 


Monday,  17th  April  1882. 

The  Eev.  W.  LINDSAY  ALEXANDER,  D.D^ 
I  Vice-President,  in  the  Chair. 

The  following  Communications  were  read : — 

1.  On  the  Definite  Article  in  Greek,  with  special  reference 

to  the  Bevised  Version  of  the  New  Testament     By 
Professor  Blackie. 

2.  On  the  Action  of  the  Microphone.    By  Professor  James 

Blytb,  M.A. 

In  the  microphone  transmitter,  as  usually  employed  in  eircmt 
witii  a  battery  and  a  Bell  telephone,  we  have  essentially  two  pieoes 
of  carbon  resting  lightly  against  each  other,  through  which  the 
current  passes.  That  the  instrument  may  work  effecti?ely  two 
things  are  requisite, — first,  that  the  carbons  be  always  in  oontaet^  (sx 
at  least  sufficiently  near  for  the  current  to  pass  between  them;  and, 
secondly,  that  they  be  not  pressed  together  so  tightly  as  to  jxerent 
any  motion  of  the  one  relatively  to  the  other.  Tlus  state  <ii  thiags 
is  sufficiently  well  described  by  the  term  *'  looee  contact^*  fiat  laed, 
I  believe,  by  Professor  Stokes. 

To  understand  the  action  of  the  microphone,  we  have  to  find 
out  what  efifects  are  taking  place  at  the  loose  contact  when  the 
instrument  is  acted  upon  by  sonorous  waves.  These  are  twofoldi — 
first,  the  effect  produced  by  the  sound  waves  (that  is^  ihe  vaaaiioB 
of  density  due  to  the  condensations  and  xara&ctions  of  tbs  air) 
.  which  pass  directly  through  the  air  when  they  arrive  aft  the  loose 
contact ;  and,  secondly,  the  effect  produced  by  tremon  set  up  in  the 
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entile  instnimenti  wooden  supports  and  carbons  together,  by  the 
sound  waves  which  strike  against  it  and  are  thereby  stopped* 

For  distinction,  we  may  call  the  first  of  these  the  air  effect,  and 
the  second  the  tremor  effect 

In  my  experiments  I  have  endeayoored  to  arrange  the  instru- 
ment so  as  to  isolate  these  effects,  and,  as  far  as  possible,  examine 
each  of  them  separately. 

To  isolate  the  air-effect,  it  is  obviously  necessary,  either  to  fix 
the'  carbons  rigidly  in  their  supports,  so  as  to  avoid  any  motion 
of  the  one  relatively  to  the  other,  or  to  use  a  strong  current,  and 
place  them  just  clear  of  contact  with  each  other. 

The  following  experiment  illustrates  how  this  may  be  done : — 


Fig.  1. 

A,  B  and  C  (fig.  1)  are  three  blocks  of  brass  firmly  fixed  to  a  heavy 
wooden  sole-plate  S.  To  the  top  of  A  is  soldered  a  piece  of 
brass  rod  a  about  2  inches  long  and  f  inch  bore.  To  the  top 
of  £  is  soldered  a  piece  of  similar  tube  b  about  4  inches  long. 
Through  C  passes  a  fine  screw  worked  by  a  milled  head  e.  A 
piece  of  carbon  rod  6  is  fixed  firmly  into  a,  and  has  a  hole  |  inch 
wide  drilled  through  its  centre.  A  long  piece  of  carbon  /pointed 
at  one  end,  passes  tightly  through  the  tube  b,  and  can  be  moved 
backwards  and  forwards  by  the  screw  o.  A  piece  of  india-rubber 
tube  is  passed  over  the  left  end  of  the  tube  a  and  carries  the 
month-piece  M.  By  means  of  the  wires  g  and  ^,  soldered  to 
the  carbon  rods,  they  are  put  in  circuit  with  the  battery  (20 
Oioves  cells),  and  the  telephone  T,  which  must  either  have  a 
small  resistance    or    be   placed  in  a  separate  circuit  fiom  that 
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containing  the  batteiy,  so  as  to  be  acted  upon  indactiTely.  When 
the  carbon/is  screwed  tightly  into  the  hole  e,  the  circnit  is  com- 
pletely dosed,  and  no  sound  uttered  into  M  is  heard  at  T.  But 
when/is  drawn  gradually  back,  until  small  electric  arcs  are  seen 
to  pass  between  /  and  6,  every  sound  uttered  into  M  is  distinctly 
reproduced  in  the  telephone  T. 

Here  we  have  clearly  only  the  air-effect  acting,  and  that  solely 
upon  the  small  electric  arcs  passing  between  the  carbona  I  haye 
found  it^  as  yet,  somewhat  difficult  to  get  the  sounds  to  last  for 
any  length  of  time,  in  consequence  of  the  arc  distance  soon 
getting  too  great  for  the  current  to  pass  and  requiring  re-adjustment. 
When  the  arc  begins  and  ends  a  sharp  click  is  heard  in  the 
telephone;  but  in  the  interval  during  which  the  arc  lasts  the 
sounds  heard  In  the  telephone  are  distinct. 

As  far  as  the  tremor  effect  alone  is  concerned,  it  is  obvious 
that  the  microphone  action  must  depend,  either  (1)  upon  the 
variation  of  resistance  due  to  vaiiation  of  pressure,  or  (2)  to 
variation  in  the  extent  of  surface  contact  due  to  the  elastic  yielding 
of  the  carbons  under  pressure. 

To  test  the  first  of  these  causes,  I  made,  about  two  years  ago, 
some  experiments  on  the  effect  of  pressure  upon  the  specific  resist- 
ance of  carbon.     For  this  purpose,  I  took  a  short  length  of  carbon 
rod,  and  soldered  wires  to  it  at  a  short  distance  from  each  end.    B] 
means  of  these  wires,  the  resistance  of  the  carbon  rod  was  balance^^=zf 
in  the  Wheatstone  bridge.     Pressure  was  then  applied  by  means  <^^f 
a  lever  to  the  carbon  in  a  longitudinal  direction.     Ko  appreciabiHL^ 
variation  in  the  resistance  was  observed,  even  under  consideral>l^ 
pressure,   and  it  only  became  manifest  when  the  pressure  'vr^< 
sufficient  to  bead  or  crush  the  carbon. 

I  have  recently  repeated  these  experiments  with  the 
care,  and  found  the  same  results.     I  observe,  also,  that  sinular 
experiments,  with  the  same  result,  have  quite  lately  been  made  hj 
Professor   Sylvanus   Thomson.     Hence  we   can    hardly,  I  thini^ 
believe  that  variation  of  specific  resistance  due  to  pressure  can  bsfn 
the  slightest  effect  in  producing  the  microphone  action.    To  teat  the 
second  cause  above  mentioned,  that  is,  the  variation  of  resistanoe 
due  to  variation,  in  the  extent  of  surfiace  contact  due  to  tb/Hc 
yielding  under  pressure,  I  experimented  as  follows : — 
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Iq  the  apparatus  already  described  I  replaced  the  tubular  carbon 
bj  a  finely  pointed  piece,  so  as  to  have  two  fine  carbon  points 
exactly  opposite  each  other.  The  resistance  of  the  points  was 
balanced  in  the  bridge  in  the  usual  way.  Pressure  was  then 
applied  by  a  known  number  of  turns,  or  parts  of  a  turn,  of  the  fine 
screw,  and  the  change  of  resistance  noted.  The  screw  was  then 
brought  back  to  its  former  position  and  the  pressure  relieved,  so  as 
to  allow  the  elasticity  of  the  carbon  to  act,  and  restore  the  points  to 
their  first  condition.  It  is  obvious  that  if  the  change  of  resistance 
were  due  merely  to  elastic  yielding,  it  shotdd  now  be  the  same  as 
before.  This  I  found  not  to  be  the  casa  From  the  gritty  nature 
of  the  carbon,  the  points  of  contact  I  found  were  perpetually 
changing,  and  hence  the  variation  of  resistance  produced  in  this 
way  obeyed  no  regular  law. 

From  this  irregularity  it  is  impossible,  I  think,  to  conclude  that 
this  cause  could  explain  the  transmission  of  musical  sounds,  far  less 
*  articulate  speecL 

As  far  as  my  experiments  go,  the  following  appears  to  be  some- 
thing like  the  true  explanation  of  the  microphone  action : — What  I 
liave  termed  the  air  and  the  tremor  effects  take  place  simultaneously. 
*The  tremor  effect  produces  a  jolting  of  the  carbons,  sufficient  to 
«]low  momentary  minute  elastic  arcs  to  take  place  between  the 
]x)ints,  which  are  just  clear  of  contact  with  each  other.  Simul- 
taneously with  this  the  air  effect  comes  in,  and  on  account  of  the 
variations  of  density  due  to  the  condensation  and  rarefaction  of  the 
^r,  acts  upon  the  minute  electric  arcs  so  as  to  vary  their  resistance. 
"The  tremor  effect  explains  merely  the  production  of  the  musical 
pitch  of  the  sounds  heard  in  the  telephone,  whereas  it  is  to  the  air 
effect  that  we  must  look  for  the  transmission  of  the  quality  of  the 
rounds  uttered  into  the  microphone  transmitter. 

The  microphone  is  thus  so  far  a  delicate  make  and  break 
analogous  to  the  old  Beiss'  transmitter,  with  the  important 
Edition,  however,  of  minute  momentary  gaps  filled  with  a 
^naterial  which  is  sensitive  to  the  harmonic  variations  of  the 
atmospheric  density  which  constitute  sonorous  vibrations. 
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3.  Experiments  to  Determine  the  Lowering  of  the  Mayimnm 
Density  Point  of  Water  by  Pressure.  By  Professor  D.  H, 
Marshall,  Professor  C.  Michie  Smith,  and  R  T.  Omond, 

Esq. 

(Preliminary  Notice,) 

These  experiments  were  begun  in  January  last  at  the  request  of 
Professor  Tait,  and  have  been  carried  on  since  then  in  his  laboratoTj. 
The  subject  suggested  itself  to  Professor  Tait  during  his  experiments 
on  the  effects  of  great  pressures  on  thermometers  carried  out  for  the 
"  Challenger  "  Expedition  Commission,  and  it  was  indeed  by  part  of 
the  apparatus  purchased  by  him  for  this  purpose  that  the  experi- 
ments were  made.  The  method  adopted  was  of  an  indirect  nature, 
and  consisted  in  determining  first  the  change  of  temperature  pro- 
duced by  a  sudden  change  of  pressure  to  which  the  water  was 
subjected.  Sir  William  Thomson  has  shown  that  if  there  be  a 
sudden  change  of  hydrostatic  pressure  on  a  body  whose  temperature 
is  t  and  pressure  p,  there  will  be  a  change  of  temperature  depending 
upon  the  change  of  pressure,  the  temperature  t,  the  co-efScient  of 
expansion  at  pressure  p  and  temperature  ^,  and  the  specific  heat  of 
the  body  at  that  pressure  and  temperature.  In  the  case  we  are 
going  to  consider  let  t  be  the  absolute  temperature  of  the  water,  p 
its  pressure,  e  its  co-efficient  of  dilatation  at  pressure  p  and  tempera- 
ture tf  and  k  its  specific  heat  at  constant  pressure  for  the  same 
pressure  and  temperature;  let  now  there  be  a  sudden  change  of 
pressure  from  piQp-Spyin  consequence  of  which  there  is  a  chaii^ 
of  temperature  from  ttot-St, 

then&oc^^^. 

This  formula  can  be  absolutely  true  only  for  small  ehangeB 
pressura     When  water  is  subjected  to  great  changes  of  pressore^  4 
is  possibly  a  little  altered,  and  we  shall  show  from  our  experiiaeatv 
that  e  is  certainly  so. 

Since  t  and  k  are  always  -h,  on  the  assumption  that 4;  will ehtf^ 
only  very  little  by  pressure,  the  sign  of  St  will  depend  upon  th3tof 
6.  Thus  if  e  be  +  (as  in  the  case  of  water  above  4*  C),  then  for  t 
sudden  decrease  of  pressure  there  will  be  a  decrease  of  temperatan; 
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if  e  be  --  (as  in  the  case  of  water  under  the  ordinsij  atmospheric 
pressnre  between  O""  and  4"),  for  a  sudden  decrease  of  pressure  there 
will  be  an  increase  of  temperature ;  and  lastly,  if  a  body  have  a 
maTJmnm  density  point  (as  water  under  the  ordinary  atmospheric 
pressure)  or  a  minimum  density  point,  then  just  at  that  temperature 
there  is  no  change  of  temperature  for  a  small  sudden  change  of 
pressure.  If,  however,  when  water  at  4®  C.  is  under  great  pressure, 
we  prove  that  for  a  sudden  change  of  pressure  e  is  + ,  we  at  once 
infer  that  under  sach  pressure  water  has  not  a  maximum  density  at 
that  temperature.  It  is  in  this  way  we  have  proved  the  lowering 
of  the  maximum  density  point  of  water  by  pressure,  and  also  been 
able  to  approximate  to  the  maximum  density  points  under  a  few 
preesurea 

The  apparatus  we  used  consisted  of  four  parts :  (1)  the  apparatus 
for  producing  the  compression,  consisting  of  a  strong  iron  vessel 
(called  the  small  gun)  and  a  powerful  force  pump ;  (2)  the  gauge ; 
(3)  the  galvanometer,  to  measure  the  changes  of  temperature  follow- 
ing changes  of  pressure ;  and  (4)  an  extra  thermo-electric  circuit,  to 
deteimine  the  values  in  thermometric  degrees  of  the  galvanometer 
deflections. 

The  first  two  pieces  of  apparatus  have  already  been  described 
by  Professor  Tait  in  the  account  of  his  experiments  above  alluded 
to. 

The  changes  of  temperature  which  followed  changes  of  pressure 
were  measured  by  thermo-electricity.  One  junction  of  a  thermo- 
electric circuit  of  very  fine  copper  and  iron  wire  was  placed  inside 
the  gun,  the  wires  passing  out  between  two  discs  of  leather  well 
soaked  in  oil  near  the  bottom,  which  could  be  taken  off.  The  others 
were  soldered  to  thick  copper  wires  in  connection  with  a  dead-beat 
reflecting  galvanometer,  and  placed  in  a  vessel  of  water,  which  was 
kept  at  as  uniform  a  temperature  as  possible,  one  of  them  being  put 
into  a  test-tube  to  prevent  the  slight  voltaic  action  which  disturbed 
us  in  our  earliest  experiments.  As  we  had  in  some  of  our  experi- 
ments to  measure  extremely  small  changes  of  temperature,  the 
galvanometer  was  made  very  sensitive  by  the  controlling  magnets, 
and  the  deflections  read  on  a  scale  about  2^  metres  from  the  galva- 
nometer. We  were  enabled  in  this  way  to  measure  as  small  a 
change  of  temperature  as  ^^^  C.  even  with  a  single  thermo-electric 
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pair.  However,  any  change  in  the  electric  field  was  at  once  felt. 
The  rooms  we  worked  in  were  on  the  ground  flat  looking  into 
Chambers  Street,  and  every  passing  vehicle,  on  account  of  its  iron 
fittings,  disturbed  us.  The  reader  of  the  galvanometer  scale,  who 
was  in  a  darkened  room  by  himself,  could  generally  tell  the  direction 
in  which  a  vehicle  was  moving  from  the  motion  of  the  image  on 
the  scale,  and  on  once  crying  out  that  a  man  walking  past  affected 
the  galvanometer,  the  experimenter  at  the  pump  immediately 
rejoined  that  he  was  carrying  some  iron  on  his  back.  To  avoid  this 
change  of  the  magnetic  field,  we  took  one  set  of  observations  at 
midnight 

As  it  was  generally  impossible  to  determine  directly  with  a  ther- 
mometer the  temperature  of  the  junction  inside  the  gun,  to  enable 
us  to  interpret  the  galvanometer  readings  there  was  an  extra  thermo- 
electric circuit,  as  nearly  as  possible  the  same  as  that  connected  with 
the  gun,  whose  junctions  were  in  vessels   of  water,  so  that  the 
temperatures  could  be  directly  read  with  a  thermometer  and  altered 
at  pleasure.     Any  change  in  the  sensitiveness  of  the  galvanometer 
was  each  day  detected  by  this  arrangement     During  the  principal 
experiments  we  found  it  necessary  to  have  three  observers,  as  it  was 
necessary  to  read  the  gauge,  thermometer,  and  galvanometer,  and  let 
off  pressure  simultaneously.    We  think  it  sufficient  in  the  meantime 
to  indicate  briefly  the  results  of  a  few  of  the  principal  experiments 
made.     For  example,  when  the  internal  junction  was  at  a  tempera- 
ture of  8^-3,  for  a  sudden  decrease  of  pressure  from  300  atmospheres 
to   1,  there  resulted  a  decrease  of  temperature-- 0^*17.     As  the  j 
pressure  increased,  so  did  the  rate  of  cooling  with  pressure ;  and 
a  temperature  of  9^*3  for  a  sudden  change  of  pressure  from  71 
atmospheres  to  I,  there  was  a  cooling  =  0*^74.     We  next  opentai^^ 
with  the  internal  junction  at  a  temperature  less  than  4*  C    At    ^ 
temperature  of  about  V'3  for  pressures  less  than  180  atmoeplieref 
there  was  heating  instead  of  cooling  for  sudden  decrease  of  pressnn^ 
which  meant  that  e  was  - ;  at  the  above  pressure  and  temperfttore  e 
apparently  vanished,  which  meant  that  at  a  pressure  of  180  atmo- 
spheres the  maximum  density  point  was  about  1**3;  at  gittter 
pressures  e  was  + ,  which  meant  that  the  maximum  density  point 
was  still  further  lowered. 

The  experiments  we  made  at  midnight  corroborate  these  tv^ 
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There  are  several  points  to  be  carefully  considered,  such  as  the 
most  satis&ctory  'way  of  protecting  the  internal  junction  from 
currents  produced  by  change  of  pressure,  convection  currents  arising 
from  the  lowering  of  the  maximum  density  point,  and  the  possible 
change  of  specific  heat,  which  prevent  us  yet  from  giving  quantita- 
tive results.  So  far  as  we  have  gone,  our  results  agree  fairly  with 
those  of  Professor  Tait  (antef  p.  204). 


Monday,  Ist  May  1882. 
Mr  MILNE  HOME,  Vice-President,  in  the  Chair. 

The  following  Commanications  were  read : — 

1.  On  some  Points  in  the  Meteorology  of  Madeira,  both 
Absolute  and  Comparative.  By  the  Astronomer-Soyal 
for  Scotland. 


2.  On  the  Anatomy  and  Histology  of  Plmrochasta  Moseleyi. 
By  F.  E  Beddard,  B.A.,  New  College,  Oxford. 

(Abstract,) 

This  earthworm,  which  is  an  inhabitant  of  Ceylon,  is  28  inches 
in  length,  and  consists  of  about  260  segments.    The  setse,  instead 
of  being  arranged  in  continuous  lines  rotmd  the  body  as  in  Feri- 
ehcBtOf  fail  for  a  short  space  both  dorsally  and  ventrally.     This 
peculiarity  serves  to  distinguish  the  genus  Fleurochceta  from  other 
OltgochcstcL    The  intestine  is  provided  with  two  sets  of  specialised 
glands ;  the  anterior,  occupying  from  segments  twenty-two  to  forty- 
four,  consists  of  a  double  series  of  deeply  excavated  dorsal  pouches 
on  the  wall  of  the  intestine,  provided  with  a  large  development  of 
glandular  epithelium;  the  posterior  glands  are  solid  and  kidney- 
ahaped,  about  the  size  of  a  grain  of  wheat     They  lie  on  the  dorsal 
mu£ace  of  intestine,  occupying  from  the  eighty-fifth  to  the  one 
hundred  and  first  segments ;  in  all,  fifteen  paira     They  open  into 
inteitina  by  dact& 


630  Proceedings  of  the  Royal  Society 

The  generative  system  confiisU  externally  of  a  ditellam,  occnpying 
in  one  of  the  two  specimens  that  I  examined  as  many  as  nine 
segments.  On  this  open  the  generative  apertores,  three  pairs  of 
which  are  situated  dose  together  in  a  sucker-like  structure  at  the 
posterior  end  of  the  clitellum,  upon  which  there  is  no  development 
of  glands ;  each  pair  corresponds  to  one  of  the  three  a^ments,  seven- 
teen, eighteen,  and  nineteen.  The  middle  pair  open  into  two  large 
''prostates" ;  no  ducts  were  found  in  connection  with  the  other  two 
pairs.  There  is  also  a  fourth  pair  of  apertures  on  fourteenth  seg- 
ment, with  which  again  no  ducts  were  discovered  to  be  continuous. 
The  testes  are  a  pair  of  racemose  glands  occupying  twelfth  segment 
Two  pairs  of  fimbriated  organs,  occupying  eleventh  and  tenth  s^- 
ments,  are  perhaps  the  oviducts,  or  possibly  the  vasa  deferentia. 
They  open  separately  on  the  wall  of  the  segment  behind  that  in 
which  they  are  situated. 

There  are  no  segmental  organs  present  The  vascular  system 
presents  no  important  differences  from  that  of  other  worms.  The 
dorsal  and  ventral  vessels  are  connected  by  six  pairs  of  hearts  increas- 
ing in  size  from  before  backwards,  and  occupying  from  the  eighth  to 
the  thirteenth  segments  inclusive.  There  appear  to  be  no  intestinal 
hearts  (''coeurs  intestinanx"  of  Penier),  though  the  supra-intes- 
tinal vessel  is  present,  and  in  that  region  of  the  body  in  which 
the  hearts  are  developed  is  double.  Capillaries  extend  into  the 
hypoderm  as  in  the  leech,  the  fibres  of  the  two  muscular  coats  of 
the  body  wall  as  separated  into  smaller  and  larger  bundles  bj  s 
meshwork  of  fibrous  connective  tissue.  The  p^visceral  cavity  i> 
put  into  communication  with  the  exterior  by  a  series  of  darsal  poitf' 


3.  Geological  Notes.    By  Dr.  Heddle. 

Leaf -bed  in  Canna. 

Since  the  discovery,  by  His  Grace  the  Duke  of  Argyll,  of  the 
*'  Leaf-bed  "  at  Ardtun,  in  Mull,  there  has  not,  so  far  as  I  am  V9lV»^ 
been  another  found  throughout  the  whole  of  that  extent  of  land  vA 
shore,  where  we  might  hope  for  such  a  discovery,  among  the  Iddv 
Hebrides. 

It  was  my  good  fortune  to  light  upon  one  lask  wawmm*    Wb 
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lying  in  the  harbour  of  the  island  of  Ganna,  daring  a  boulder  and 
mineral  hnnt^  I  heard  that  fidler's  earth  had  been  found  at  the 
Bouth-westem  end  of  the  island.  Upon  being  shown  samples  of 
this,  I  noticed  among  them  fissile  schists  very  similar  to  those  of 
Aidtun.  In  proceeding,  therefore,  round  the  western  clifif-girt 
coast  of  the  island,  to  visit  the  fuller's  earth  locality,  we  landed  at 
every  accessible  point  under  the  great  line  of  precipice,  and  at  one, 
situated  almost  at  the  north-west  comer,  and  immediately  under  the 
loftiest  point, — more  than  730  feet  in  height, — we  found  a  leaf-bed. 
There  is  here  a  cliff  foot,  running  for  some  little  distance  along  the 
shore ;  this  is  strewed  with  numberless  masses  of  rock  which  have 
fallen  from  the  clifi^  and  which  fragments  give  shelter  to  a  colony 
of  auks  and  puffins. 

By  the  appearances  usual  to  such  colonies,  the  spot  may  be  seen 
from  some  distance.  Landing  can  be  effected  only  in  the  calmest 
weather. 

The  leaf-bed  can  be  most  easily  cut  into,  if  not  also  most  easily 
seen,  in  a  small  cave ;  this  gives  shelter  alike  from  what  may  fall 
from  the  cliff,  from  the  skies,  and  from  the  birds. 

The  bed  consists  of  a  highly  laminated  brown  clay — almost  a 
mud ;  for,  on  account  of  the  water  which  ooses  through  the  very- 
vesicular  overlying  dolerite, — ^which  streams  down  its  face,  and 
which  is  flung  in  spray  from  the  sea, — the  material  of  the  bed  is  in 
its  outer  portions,  and,  when  first  broken  into,  little  harder  than 
putty.  Its  laminae  are  as  thin  as  paper.  They  split  with  a  tap,  or 
slight  pressure  from  the  edge  of  a  knife ;  this  easy  cleavage  being 
to  some  extent  due  to  the  extraordinary  number  of  leaves  which  lie, 
flat-pressed,  between  the  argillaceous  layers.  Most  of  these  leaves 
are  as  pulpy  and  soft  as  the  rock,  and  blacken  the  hands  with  their 
fragile  fragments. 

By  working  with  a  pick-hammer  a  little  way  under  the  rock-cover, 
firmer  portions  may  be  reached ;  and  specimens  which  will  endure 
the  friction  of  carriage  obtained.  The  leaves  seem  much  the  same 
as  the  species  found  at  Ardtun.  A  series  has  been  sent  to  the 
Industrial  Museum. 

The  whole  thickness  of  the  towering  cliff  is  made  up  of  successive 
layers  of  igneous  rock, — sometimes  basalt  and  basaltic — sometimes 
amygdaloidal, — sometimes  tufaceous.    I  could  distinctly  see  bands  of 
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plynthite^  which  may  here  represent  an  overflowed  and  burnt  layer 
of  clay-soiL  I  also  imagined  that  I  could  with  a  binocular  make  out 
other  beds  of  the  same  fissile  clay  as  that  which,  at  the  cliff  foot, 
holds  the  plants. 

As  there  was  a  gentle  dip  towards  the  south-west,  I  was  prepared 
to  find  that  one  or  other  of  these  beds  had  come  down  to  the  water 
edge ;  to  form,  when  puddled  by  the  waves,  the  so-called  fuller's 
earth ; — and  this  was  veiy  much  the  true  state  of  matters.  A  washed- 
out  dyke,  conjoined  with  a  small  fault,  has  formed  a  "  geo,"  ter- 
minating in  a  cave.  At  flood-mark  the  waters  stand  in  part  of  this 
cava  Surface  waters  are  also  constantly  sapping  into  it  from  above ; 
making  it  more  ample,  by  reducing  to  pulp,  and  carrying  away  the 
exposed  edge  of  a  bed  of  much  the  same  rock  as  that  which  has 
been  already  noted  as  carrying  the  leaves.  The  fuller's  earth  was 
found  to  be,  at  the  time  of  our  visit,  of  about  the  same  consistence 
as  pea-soup.  By  taking  portions  of  the  dry  bed,  pounding  them, 
floating  off  in  water,  and  sedimenting,  I  made  some,— decidedly 
superior  to  the  native  article.  A  sample  of  this  I  sent  to  the 
Museum. 

The  FitchsUme-Porphyry  River  of  the  Scuir  of  Eigg> 

The  pitchstone  plug  of  the  river-canon  of  Eigg,  forming  the 
singular  Scuir, — ^picturesque  from  certain  points  of  view,  weird  and 
fantastic  from  others, — should  be  about  equally  well  known  to 
scenery  hunters  and  to  geologists.    The  filled-up  water  trench  is  not 
of  great  length;  somewhere  about  two  miles,  as  its  historian  tells  us. 
This  is  but  a  short  junk  of  such  a  mighty  river  b&  that  must  have 
been,  which  cut  a  channel  at  least  400  feet  deep  and  about  1000 
wide.    As  the  eye  ranges  over  a  wide  expanse  of  ocean  at  the  spot 
where  this  pitchstone  cast  is  shorn  off  at  the  west^ — and  as  no  remain- 
ing fragment  of  the  widespread  lands  from  which  its  waters  must 
have  been  gathered  on  the  easty  now  remains, — there  seemed  to  be  ,^ 
but  little  hope  of  our  collecting  any  further  fragments  of  its  YiixAarjm^^^ 
Chance  threw  the  writer  upon  one  such  fragment     I  was  lookim^^ 
for  boulders  everywhere ;  Mr.  Harvie  Brown  was  looking  after  g^r^ 
seals,  and  birds'  eggs,  grey,  green,  or  blue;  and  so  we  landed  upon 
Hyskier.     Hyskier — that  is,  the  High  Skerry ;  only  40  feet^  ^t 
high  enough  to  afford  some  sort  of  a  shelter  to  boats  which  n^ 
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fly  for  safety  to  the  little  rock-girt  lagoon,  which  is  cinctured  by  its 
clostering  rocks. 

There  are  two  Hyskiers,— one  outside  Long  Island,  the  other 
inside.  Both  are  famous  for  their  seals,  and  both  are  "rude" 
enough,  if  that  word  was  used  by  Sir  Walter  to  express  roughness. 
It  is  the  inner  Hyskier  that  is  the  subject  of  these  remarks.  It  is 
about  9  miles  from  the  nearest  land  of  Canna,  with  a  deep-water 
channel  all  round.  It  consists  of  a  group  of  skerries,  almost  united 
at  low  water. 

Upon  landing,  myriads  of  boulders  of  every  variety  of  rock  were 
seen;  and  the  writer  at  once  recognised  the  pitchstone  porphyry  of 
the  Scuir  of  Eigg,  as  the  rock  upon  which  the  boulders  lay.  The 
whole  clustre  of  skerries  is  formed  of  the  same  rock ;  which,  both 
in  the  dun  grey  of  its  tone  of  colour,  in  the  proportional  quantity 
of  crystals  of  imbedded  sanidine — and  in  the  size  of  its  basaltic 
pillars,  is  unmistakably  the  same  rock  as  that  of  the  Scuir.  This  is 
a  markedly  characteristic  one ; — one  which,  in  fact,  is  distinct  from 
all  other  pitchstones  of  Scotland. 

Standing  on  these  skerries,  the  eye  looks  directly  on  the  truncated 
end  of  the  Scuir,  which  is  about  22  miles  distant  It  ranges  also 
somewhat  along  its  southern  flank,  as  the  course  of  the  ancient  river 
of  Eigg  had  been  a  tortuous  ona  But  its  last  convolution  on  that 
island  was  a  flexure  somewhat  moi'e  smUherly  in  its  direction  than 
its  general  coursa  This  direction  threw  it  clear  of  the  south  of 
Kum,  and  pointed  very  much  to  the  solitary  cluster  of  pitchstone 
islets  of  Hyskier. 

The  most  southerly  skerry  of  the  cluster  is  separated  from  that 
nearest  to  it  by  a  deep  wall-sided  channel  This,  to  appearance, 
was  about  4  or  5  fathoms  in  depth;  and  the  mural  cliffs  in  each 
side  rose  to  a  height  of  about  23  feet.  (It  was  low  water  at  the 
time.)  The  channel  was  perfectly  straight  in  its  course.  At  first 
sight  it  resembles  a  washed-out  dyke.  With  the  knowledge  we 
have,  however,  of  the  nature  of  the  Scuir,  it  very  much  more 
probably  represents  what  had  been  a  wall-sided  islet,  which  stood 
midstream  in  the  ancient  river;  its  amygdaloids  and  tuffs  having 
now  been  sapped  out  by  the  surf,  as  have  the  old  river  banks  and 
the  sunouniing  land. 
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On  a  gupposed  Organumi  from  the  Marble  of  Sutherland. 

I  have  never  seen  fit  to  express  an  opinion  npon  the  vexed 
question  of  the  eozooti  canadense.  This,  not  because  I  have  not 
formed  an  opinion,  but  b«H;ause  I  have  never  seen  specimens 
sufficiently  characteristic  to  furnish  me  with  grounds  ample  enough 
to  enable  me  to  give  force  to  my  opinion ;  also  because  I  consider 
that  certain  of  the  grounds  adduced  by  those  who  hold  ^e  same 
view  as  my  own,  are  weak,  or  at  least  not  strong,  from  a  mineralogi- 
cal  point  of  view. 

Having  myself  found,  and  being  as  yet  the  only  one  who  has. 
studied  tlie  mode  of  occurrence  of  the  structure  to  which  I  now 
direct  attention,  it  may  bo  considered  that  a  similar  amount  of 
reticence  is  not  in  its  case  either  reasonable  or  justifiable. 

The  thing  of  which  I  write  was  found  in  the  white  8acchaiin< 
marble  of  Sutherland  last  summer.     I  have  during  many  summe 


made  myself  familiar  with  the  modes  of  occurrence  of  minerals,- 
in  fact,  I  have  become  a  successful  mineral  hunter^  just  in  virtu 
of  familiarity  with  the  modes  of  occurrence  of  minerals;  I 
perhaps  then  not  going  too  far  in  saying  that  when,  after  a  ful 
consideration  of  the  mode  of  occurrence  and  structure  of  tliai  ihi\ 
I  concluded  that  it  does  not  accord  with  minerals,  eitlier  in  mode 
occurrence^  or  in  structure,  it  must  be  at  least  worthy  of  the 
tion  of  those  who  are  more  familiar  with  structures  not  mi 
than  I  am. 

As  the  thing  at  first  sight  looked  exceedingly  like  eozoon  (what  I 

knew  of  it),  and  as  its  resemblance  to  eozoon  only  increased  tir     ^e 
longer  I  looked  at  its  sections  (which  I  prepared  with  my 
hands,  in  all  directions),  I  sent  it  to  Dr.  Carpenter,  making  over 
him  in  toto  the  investigation  of  its  inner  nature^  but  reserving  to  m; 
self — that  which  he  could  not  do — the  telling  all  the  rest  about  iL-^ 

I  was  well  aware  that,  in  concluding  that  it  was  wonderfully  lilc^ 
if  not  identical  with,  eozoon,  I  was  giving  to  it  a  stratign^ihiGtfi/ 
position  which  many  would  hold  was  one  "where  nae  sic  thiKi^^ 
should  be;"  but,  as  it  is  one  of  the  tenets  of  my  geologic  ftith,  tb^ 
where  a  thing  is,  is  where  that  thing  should  be,  I  was  not  muci 
disturbed  in  my  conclusions. 

I  am  permitted  to  say,  and  it  may  be  well  that  I  should  ftote 
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this  much,  that  Dr.  Carpenter  reports  that  its  appearance  is  very 
eozooic,  while  later  letters  say  ''  exceedingly  interesting." 

Such  are  the  essentials  of  its  interest  which  induce  me  to  lay 
before  the  Society  these  notes  upon  a  substance  of  whose  description 
it  is  evident  that  my  share  must  lie  only  on  the  mineralogical  sida 

While  endeavouring  to  discover  the  bedding  of  the  almost 
amorphous  white  marble,  my  eye  was  arrested  by  a  dark  streak, 
which  promised  some  aid.  Upon  approaching  it,  it  presented  an 
appearance  similar  to  what  we  have  been  assiduously  taught  to 
believe  would  be  presented  by  a  junk  of  the  great  sea-serpent.  It 
also  somewhat  resembled  the  old  "  boas  "  worn  by  ladies,  laid  hori- 
zontally on  a  face  of  the  marble;  and  it  was  altogether  similar  in 
appearance  to  the  whale  cutlets  which  are  hung  or  stretched  in  the 
sun  to  dry,  in  the  Faroe  Islands. 

The  first  portion  found  lay  imbedded  in  the  marble,  about  2 
feet  from  its  surface.  Its  length  was  16^  feet,  and  its  thickness 
4  to  5  inches.  When  found,  I  was  carrying  only  a  four-pound 
hammer;  but,  upon  Dr.  Carpenter  reporting  "high  interest," 
I  returned  to  Sutherland  with  one  of  more  earnest  dimensions; 
and  by  removing  the  cover,  found  that  in  parts  it  extended,  with 
almost  unvarying  thickness,  into  the  rock  for  3^  feet 

It  lay  in  the  rock  in  slightly  wavy  folds;  at  one  spot  it  threw  ofi^ 
at  an  angle  of  about  15^,  an  arm  ot  process ;  this  was  about  an  inch 
narrower  than  its  mean  trunk,  and  of  about  2  feet  in  length;  at 
another  spot  it  threw  off  a  short  process,  at  right  angles. 

Its  exposed  surface  was  much  corroded  by  the  weather,  but  its 
structure  was  unfolded  thereby.  That  boldly  displayed  structure 
consisted  of  gently-plicated  but  very  rough  layers  of  a  substance, 
which  evidently  was  less  soluble  in  rain-water  than  had  been  that 
whose  removal  left  the  layers  protruding. 

The  appearance  of  this  exposed  surface  is  precisely  that  of  the 
representation  of  eozoon  given  by  Carpenter,  in  the  last  edition 
of  his  work  on  the  Microscope;  and  the  colour  is  very  much  that 
of  printer's  ink.  When  broken  into,  the  rippled  structure  stands 
out  in  blue-black,  upon  a  nearly  white  ground,  which  is  mottled  with 
granules  of  yellowish-grey.  Occasional  patches  of  greenish-yellow 
granidar  precious-serpentine  occur;  there  occasionally  are  nodules 
of  the  latter  the  size  of  the  fist,  and  this  sometimes  is  white. 
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4.  Note  on  the  Absorption  of  Sea- Water. 
By  Mr.  John  Aitken. 

In  a  letter  to  Professor  Tait,  dated  Mentone,  14th  April  1882,  Mr. 
Aitken  says : — 

Since  coming  heie  this  time,  I  have  tested  the  sea  with  the 
polariBCope  and  with  the  spectroscope.  With  an  instrument  by 
Hoffinan,  which  gives  coloured  bands  with  polarized  light,  I  have 
been  able  to  detect  small,  but  decided  indications  of  polarization 
in  the  light  internally  reflected  by  the  water,  the  surface  reflection 
being,  of  course,  cut  off  when  the  observation  was  made.  At 
present  I  think  the  polarization  is  due  to  regular  reflection  from  the 
polished  surfaces  of  some  of  the  particles,  which  are  seen  to  glance 
brightly  in  concentrated  sunlight. 

I  have  also  detected  an  absorption  band  in  the  green  of  the 
spectrum  of  the  light  internally  reflected  by  the  Mediterranean 
water.  This  band  is  much  more  distinct  in  water  where  there  are 
but  few  reflecting  particles,  and  the  light  undergoes  a  great  amount 
of  selective  absorption.  At  about  a  mile  from  shore,  where  I  could 
see  a  white  surface  6  inches  square  at  a  depth  of  16  metres,  the 
absorption  band  was  quite  distinct,  but  became  less  and  less  as  I 
approached  the  shore,  where  there  was  more  matter  in  suspension 
and  the  water  less  transparent,  but  the  spectrum  more  brilliant  I 
cannot  say  whether  this  band  belongs  to  water  or  to  salt,  or  to  what 
it  is  due,  never  having  noticed  it  before;  but  I  never  examined 
water  so  transparent,  and  where  the  light  had  undergone  so  much 
absorption. 

PRIVATE  BUSINESS. 

Dr.  David  Pryde,  Mr.  J.  W.  Inglis,  Mr.  F.  W.  Young,  and  Mr. 
T.  B.  Buchanan,  M.P.,  were  balloted  for,  and  declared  duly  elected 
Fellows  of  the  Society. 
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Monday,  I5th  May  1882. 

Pbofessor  BALFOUK,  Vice-President,  in  the  Chair. 

The  following  Communications  were  read : — 

1.  Exploration  of  the  Faroe  Channel,  during  the  Summer  of 
1880,  in  H.M.'s  hired  ship  "  Knight  Errant"*  By  Staflf- 
Commander  Tizard,  RN.,  and  John  Murray ;  with  Sub- 
sidiary Keports  on  the — 

Echinoidea        by    Professor  Alex.  Agassiz. 

Mr.  H.  B.  Brady. 
Dr.  Geoige  S.  Brady. 
Dr.  Geo.  Busk. 
Dr.  A.  Giinther. 
Professor  Ernst  HaeckeL 
Dr.  P.  P.  C.  Hoek. 
Mr.  Gwyn  Jeffreys. 
Professor  Theodore  Lyman. 
Dr.  W.  C.  M'Intosh. 
Rev.  A.  M.  Norman. 
Dr.  James  Rae,  R.N. 
Mr.  John  Murray. 
Professor  A.  Renard. 
Mr.  W.  Percy  Sladen. 
Dr.  Hjalmar  Th^L 
Professor  F.  £.  Schulze. 
Professor  W.  Dittmar. 

I  Mr.  John  Murray. 
Professor  A.  Benard. 

Communicated  by  Mr.  Murray.     (Plate  VI.) 

I.  Intboduction. 
The  region  known  as  the  Faroe  Channel  is  that  portion  of  the 
Atlantic  Ocean  to  the  north  of  the  mainland  of  Scotland,  which  it 
bounded  on  the  N.W.  by  the  Faroe  Islands,  with  their  aouth-weat- 

•  A  short  preliminary  note  on  the  cruise  of  the  *'  Knight  Errant,"  l>y  ^ 
late  Sir  C.  Wyville  Thomson,  will  be  found  in  A'a/ur«  for  September  IMd 

Most  of  the  materials  for  the  present  communication  were  preptied  in 
December  1880,  and  handed  to  the  late  Sir  Wyville  Thomson.  It  WM  Sr 
Wyville's  intention  to  describe  the  Echinoderms,  write  a  gimeral  jntPodiidi«i 
and  arrange  the  whole  for  publication.  The  feeble  sUte  of  hla  health,  iM 
the  pressure  of  other  work,  prevented  this  intention  from  being  earned  (Mt 


Foraminifera 

Cqpepoda 

Polyzoa 

Fishejf 

Jiadiolaria 

Pycnoganida 

Mollumn 

Ophiuroidea 

Annelida 

Crtuiama 

Diatoniacea 

DepoviU 

Asteroidea 

Holothurioidea 

Sponges 

Sea-water 

i» 

Eockao/N.Rona,, 

IVoc.Rov.  Soc.Edin. 


Vol.Xl.Plat«\T 


of  JEdivimrgh,  Session  1881-82.  639 

ward  extending  fishing-banks,  and  on  the  S.K  and  S.  by  the  Shet- 
land and  Orkney  Islands,  the  shores  of  Caithness  and  Sutherland, 
and  the  Hebrides. 

The  Faroe  Islands  are  composed  of  basaltic  rocks,  while  the 
north  of  Scotland,  and  the  Scottish  Islands,  are  chiefly  made  up 
of  Laurentian  gneiss,  Silurian,  and  Devonian  rocks. 

The  average  width  of  the  Faroe  Channel,  throughout  its  more  defined 
and  restricted  portion,  that  is  to  say,  between  the  100  fathom  line  of 
soundings  off  the  coast  of  ScotlcMid  and  the  Scottish  Islands,  and 
that  of  the  Faroe  plateau,  is  between  80  and  90  miles,  and  the  mazi- 
mnm  depth  rather  more  than  700  fathoms. 

At  the  south-westerly  end  the  depth  increases  gradually  to  the 
mean  depth  of  the  "  Cable  Plateau  "  of  the  North  Atlantic,  and  to- 
wards its  north-easterly  extension  it  deepens  gradually  to  the  lowest 
bed  of  the  Arctic  Ocean. 

Up  to  the  time  of  the  recent  investigations  the  bottom  was 
regarded  as  irregular,  as  the  soundings  seemed  to  indicate  one  or 
two  dome-like  elevations,  rising  towards  the  centre  of  the  trough, 
to  within  200  fathoms  of  the  surface. 

The  Faroe  Channel  has  acquired  special  interest,  because,  so  far 
as  England  is  concerned,  it  is  the  region  where  systematic  deep-sea 
investigations  were  first  carried  on. 

One  of  the  most  interesting  results  of  the  investigations  of  the 
«  Lightning"  and  ''Porcupine"  expeditions  under  Dr.  Carpenter, 
Professor  Wyville  Thomson,  and  Mr.  Gwyn  Jeffreys  in  1868-69, 
was  the  discovery  in  the  deeper  water  of  the  Faroe  Channel  of 
contigaous  areas,  having  widely  different  temperature  conditions 

This  phenomenon  is  thus  described  by  Dr.  Carpenter : — *'  Among 
the  most  important  results  of  the  '  Lightning '  expedition  was  the 
diaooveiy  of  the  fact  that  two  very  different  submarine  climates  exist 
in  the  deep  channel  (from  500  to  600  fathoms)  lying  E.N.K  and 
W.S.W.  between  the  north  of  Scotland  and  the  Faroe  banks;  a 
minimum  temperature  of  32''  being  registered  in  some  parts  of  this 
channel,  whilst  in  other  parts  of  it,  at  the  same  depths,  and  with  the 
same  surface  temperature  (never  varying  much  from  52°)  the  minimum 
temperature  registered  was  never  lower  than  46°,  thus  showing  a 
difference  of  at  least  14'' "  {Proc.  Roy.  Soc,  1869,  p.  453). 

Dr.  Carpenter  calls  the  regions  indicated  above  the  "  cold "  and 
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''warm*^  areas  respectively,  bat  daring  these  early  invastigataona, 
there  seems  to  have  been  no  sospicion  that  these  two  areas  mig|ht  be 
separated  by  a  submarine  barrier.  Two  bodies  of  water,  differing 
from  one  another  by  1 4°  Fahr.,  were,  at  this  early  stage  of  deep^ea 
investigations,  even  regarded  as  abutting  against  one  another  with- 
out any  intervening  barrier.  Professor  Wyville  Thomson  says: — 
"  In  the  Faroe  Channel  the  warm  water  forms  a  sarface  layer,  and 
the  cold  water  underlies  it,  commencing  at  a  depth  of  200  fathoms, — 
567  fathoms  above  the  level  of  the  bottom  of  the  warm  water  off  the 
Batt  of  the  Lews.  The  cold  water  abuts  against  the  warm — there 
is  no  barrier  between  them.  Part  of  the  warm  water  flows  over 
the  cold  indraught,  and  forms  the  upper  layer  in  the  Faroe  Chan- 
nel What  prevents  the  cold  water  from  slipping,  by  virtue  of  its 
greater  weight,  under  the  warm  water  off  the  Butt  of  the  Lewsf 
It  is  quite  evident  that  there  must  be  some  force  at  work  keeping 
the  warm  water  in  that  particular  position,  or,  if  it  be  moving  com- 
pelling it  to  follow  that  particular  course"  (Depths  of  the  Sea^ 
p.  395). 

« 
n.  Okioin  and  Objects  op  the  "  Kkioht  Eb&ant  " 

Investigations. 

How  these  early  trips  of  the  "Lightning"  and  '* Porcupine "  in 
1868-69  led  to  the  equipment  of  the  "Challenger"  for  a  cixeam- 
navigating  cruise  is  now  a  matter  of  history.     One  or  two  gene 
considerations  with  regard  to  the  movements  of  ocean  water,  whici 
were  established  by  the  "Challenger"  observations,  may  be 
referred  to,   as    having    led  to  a    reinvestigation    of    the  Fi 
Channel 

The  waters  of  the  ocean  are  everywhere  in  a  state  of  movemen 
— not  a  mere  state  of  oscillation  by  the  tides,  not  a  surface  mo?emei=3^ 
by  shifting  winds, — but  a  steady  massive  movement,  affecting  ttii^w 
ocean  throughout  its  whole  extent  and  depth. 

The  deeper  currents  are  in  general  so  slow  that  it  is  impoflnl>-'^ 
to  detect  their  movement  directly  by  the  current  drag,  or  any  oUmer 
instrument   which   has  yet  been  constructed.     By  means  of  ibe 
thermometer,  however,  these  deep  currents  can  be  traced  to  thetr 
source,  and  their  depth  and  direction  determined. 
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Conduction  takes  place  in  masses  of  water  with  sach  extreme 
slowness,  that,  when  a  large  mass  of  water  has  acqaired  a  given  tem- 
peratore,  it  may  retain  it  for  an  almost  indefinite  period,  and  move 
over  a  vast  area  without  losing  much  of  its  heat 

The  massive  movement  of  the  waters  of  the  ocean  is,  broadly  speak- . 
ing,  from  the  equator  to  the  poles  on  the  surface,  and  from  poles  to 
equator  at  the  bottom — the  cause  of  this  movement  being  difference 
of  density  arising  from  varying  temperature  and  saltness,  and  the 
direction  being  due  to  the  greater  specific  gravity  of  cold  than  warm 
salt  water.* 

The  normal  distribution  of  temperature  in  the  great  oceans,  as 
found  by  the  ''  Challenger "  may  briefly  be  described  as  follows  : — 
Towards  the  surface  the  warmest  water  is  found,  the  surface  layers 
being  greatly  heated  by  solar  radiation ;  the  water  cools  rapidly 
doimwards  for  the  first  200  fathoms,  slowly  down  to  500  or  600 
fathoms,  then  very  slowly  to  the  bottom,  where  the  minimum 
temperature  is  reached.  This  normal  vertical  distribution  of 
temperature  in  the  ocean  is,  however,  by  no  means  universal 

It  is  frequently  found  that  the  minimum  temperature  is  reached 
at  several  hundred  or  thousand  fathoms  above  the  bottom,  as,  for 
instance,  in  the  eastern  basin  of  the  Atlantic  extending  along  the 
coasts  of  Europe  and  Africa,  where  the  temperature  sinks  steadily 
to  36*5^  Fahr.  at  a  depth  of  2000  fathoms,  and  then  this  temperature 
extends  to  the  bottom  at  3150  fathoms.  One  or  two  remarkable 
instances  of  this  abnormal  distribution  of  temperature  may  be 
mentioned. 

In  the  Celebes  Sea,  which  attains  a  depth  of  2600  fathoms,  the 
minimum  temperature  (38*6°  Fahr.)  is  reached  at  800  fathoms ;  the 
Banda  Sea,  with  a  depth  of  2800  fathoms,  reaches  its  minimum  tem- 
perature of  38°  Fahr.  at  900  fathoms ;  and  the  Sulu  Sea,  which  is  at 
least  2550  fathoms  deep,  has  a  uniform  temperature  of  50*5°  Fahr. 
from  a  depth  of  400  fathoms  to  the  bottom.  World  wide  examples 
of  the  same  phenomenon  were  found  during  the  "Challenger" 
investigations.     Two  neighbouring  stations  frequently   gave  water 

•  See  papers  by  Prof.  Tait  (May  16,  ]881,  Proe,  Roy.  Soc.  Edin.,  vol.  xi. 
p.  217),  and  by  Profs.  Marshall  and  Smith  and  Mr.  Omond  (read  before  Roy. 
Soc  Edin.,  July  3,  1882),  on  the  effect  of  pressure  on  the  maximum  density 
point  of  water. 
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I  a  ridge  rising  to  within  200  or  250  fathoms  from  the  surface 
etween  the  warm  and  cold  areas  of  the  Faroe  Channel 
This  opinion  was  founded  upon  the  following  considerations  : — 

1.  If  an  imaginary  line  be  drawn  from  North  Rona  to  the  southern 
ud  of  the  Faroe  fishing  bank,  all  the  bottom  temperatures  obtained 
1  the  cold  area  were  situated  to  the  N.E.  of  this  line,  whilst  those 
btained  in  the  warm  area  were  to  the  S.W.  of  it 

2.  The  warm  and  cold  areas  had  actually  been  traced  across  the 
hannel  on  either  side  of  this  imaginary  line  with  the  exception  of 
bout  thirty  miles  towards  the  Faroe  fishing-banks. 

3.  That  the  serial  temperatures  in  the  two  areas  were  nearly 
imilar  to  the  depth  of  200  fathoms,  but  at  greater  depths  showed  a 
larked  difference. 

The  whole  direction  of  the  '*  Challenger's  "  inquiries  was  new,  and 

tie  methods  and  appliances  were  hitherto  untried ;  nevertheless,  a 

eiy  fair  general  idea  of  many  leading  phenomena  was  acquired,  and 

n  intelligible  basis  was  laid  down  for  a  novel  section  of  the  science 

f  Physiography. 

Our  observations,  however,  extended  over  the  widest  areas,  and 

3re  restricted  to  sketching  in  the  merest  outline — no  single  locality 

M  exhaustively  examined,  no  single  phenomenon  was  thoroughly 

died. 

Ye  had  no  opportunity  of  ascertaining  by  actual  soundings  the 

tence  and  continuity  of  any  one  of  the  ridges,  the  existence  of 

;h  we  inferred  from  our  temperature  observations. 

le  Faroe  Channel  afforded  an  accessible  and  limited  area,  with 

?mal  temperature  conditions  which  might  in  a  comparatively 

time  be  examined  in  detail,  with  the  probable  result  of  a  satis- 

Y  solution  of  not  a  few  questions  of  frequent  occurrence,  of 

complexity  and  of  very  great  interest  for  science. 

\e  circumstances  were  set  forth  in  a  letter  addressed  to  Sir 

ck  Evans,  K.C.B.,  hydrographer  to  the  Admiralty,  by  the 

•  Wyville  Thomson,  dated  June  16,  1880.      (See  Nature^ 

t  1880.) 

rederick,  whose  great  interest  in  deep-sea  investigations  is 

9irn,  had  no  difficulty,  especially  as  soundings  for  the  general 

of  navigation   were  required  in  this   region,  in  recom- 

this  matter  to  the  favourable  consideration  of  the  Lords 

4b 
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Commissioners  of  the  Admiralty,  with  the  result  that  the  *'  Knight 
Errant" — a  hired  surveying  vessel  employed  on  the  west  coast  of 
Britain — was  instructed  to  carry  out  this  service. 

The  object  of  this  cruise  was  (a)  to  ascertain  by  actual  soundings 
(over  the  space  between  the  positions,  where  warm  and  cold 
bottom  temperatures  had  been  obtained  in  the  ''Lightning"  and 
''  Porcupine  ")  whether  a  submarine  ridge  existed,  (6)  to  extend  our 
researches  to  those  portions  of  the  Faroe  Channel  hitherto  unex- 
plored, and  (c)  to  obtain  a  few  serial  temperature  observations  and 
trawlings  in  each  area. 

The  plan  we  proposed  to  follow  in  searching  for  this  ridge,  was  to 
run  sectional  lines  of  soundings  at  given  intervals  across  the  channel 
N.E.  of  the  warm  bottom  temperatures  previously  obtained,  and 
southward  of  those  in  the  cold  area. 

In  this  way  the  bottom  temperature  would  be  ascertained  at  each 
depth,  and  we  should  then  gradually  narrow  the  locality  to  be 
sounded  over  in  looking  for  the  ridge  itsell 

If  we  obtained  a  sectional  line  in  which  the  bottom  temperatures 
were  all  warm,  we  should  be,  according  to  our  theory,  S.W.  of  the 
ridge,  but  if  the  bottom  temperatures  were  cold,  N.£.  of  it 

Thus  we  hoped  to  draw  the  sectional  lines  nearer  and  nearer,  until) 
either  we  proved  the  existence  of  the  ridge,  or  ascertained,  what 
appeared  to  us  to  be  most  improbable,  that  a  bank  of  cold  water  was 
in  contact  with  water  of  a  much  higher  temperature.  HaviDg 
ascertained  whether  the  ridge  existed  or  not  we  proposed  to  devote 
the  rest  of  the  time  to  taking  some  serial  temperature  observations, 
dredgings,  and  trawlings,  both  in  the  warm  and  cold  areas. 


in.  Naebative  of  the  Cbuisb. 

The  "  Knight  Errant "  arrived  at  Stomoway  on  the  24th  of  Jo^T 
1880,  and  left  that  port  again  for  the  south  on  the  20th  of  Aogo^ 
During  this  period  she  made  four  trips  to  the  Faroe  Channel 

The  original  intention  was  to  confine  our  attention  to  sonndiBt 
operations.  We  did  not,  however,  like  to  allow  the  opportonitf^ 
pass  of  taking  a  few  dredgings  and  trawlings— oonsequently  ^ 
Wyville  supplied  the  ship  with  dredging  rope,  trawls,  and  dredp> 
at  his  own  expense,  and  Messrs.  D.  &  W.  UendwBon,  EngiiM^ 
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Glasgow,  kindly  placed  one  of  their  steam  winches  at  Mr.  Morray'B 
disposal,  and  fitted  it  on  board.  Sir  Wyville  remained  at  Stomo- 
way  while  some  of  the  investigations  were  being  carried  on. 

First  Trip, 

We  left  Stomoway  on  Monday  the  26th  of  July,  and  proceeded 
out  towards  Bona  Island.  On  Tuesday  the  27th  we  commenced 
running  a  sectional  line  of  soundings  towards  the  S.W.  of  the  Faroe 
Islands,  and  obtained  on  that  day  eight  casts  of  the  lead.  The 
bottom  temperatures  were  similar  to  those  obtained  by  the 
*'  Porcupine  "  in  the  warm  area. 

At  8  p.u.  the  dredge  was  put  over  in  305  fathoms,  the  wind  and 
sea  were  moderate,  and  the  weather  bright  enough  to  allow  the  posi- 
tion of  the  ship  to  be  fixed  accurately  by  astronomical  observations. 

Several  hanb  of  the  tow-net  were  taken  at  intervals  when  sound- 
ing. Early  on  Wednesday  the  28th  July,  the  dredge  was  hauled  in 
ind  found  to  contain  stones,  sponges,  polyzoa,  &c. 

The  sectional  soundings  were  resumed,  and  six  casts  were  obtained 
)efore  striking  the  edge  of  the  Faroe  fishing-bank,  the  temperatures 
ontinued  similar  to  those  obtained  by  the  "  Porcupine,"  in  the  warm 


We  then  proceeded  to  the  north-eastward,  and  commenced  running 

other  sectional  line  parallel  to  the  first  and  about  eight  miles  N.R 

m  it.     During  the  afternoon  we  obtained  three  soundings,  two  of 

ch  were  in  the  cold  area;  the  dredge  was  put  over  at  8  p.m.  in 

fathoms. 

he  day  was  fine  but  cloudy,  slight  swell  from  the  eastward  ;  the 
ippeared  at  intervals  and  allowed  us  to  determine  our  position 
accuracy. 

B  dredge  was  hove  up  at  4  a.m.  on  the  29th  July,  and  contained 

stones  covered  with  serpuhe  and  gravel ;  some  of  the  stones 

their  upper  surfaces  a  coating  of  peroxide  of  manganese,  there 

so  a  few  sponges,  ophiuroids,  cephalopods,  and  gasteropods. 

sectional  soundings  were  then  continued,  and  three  casts  were 

I  depths  varying  from  375  to  210  fathoms. 

A.M.  the  weather,  which  had  not  been  very  favourable  since 

t  before,  changed  for  the  worse,  the  barometer  fell,  and  a 

'L  gale  sprung  up,  which  raised  a  high  sea,  and  a  portion 


646  Proceedings  of  the  Boyal  !Socu^if 

of  our  bnlwarks  was  carried  away.  It  was  deemed  expedient  to 
bear  up  for  Stomoway,  and  we  arrived  at  that  port  on  Friday 
afternoon,  after  having  spent  a  very  unpleasant  four  and  twenty 
hours. 

Second  Trip, 

The  weather  having  settled,  the  ''  Knight  Errant "  left  Stomoway 
on  the  3rd  of  August,  and  on  the  same  day  carried  a  line  of  soundings 
from  the  Butt  of  Lewis  to  Sulisker  Island. 

While  off  the  Butt  of  Lewis,  we  stopped  to  shoot  some  of  the  sea- 
birds  and  to  obtain  some  hauls  of  the  tow-net  in  the  locality  where 
the  birds  were  feeding,  in  order  to  ascertain,  if  possible,  the  nature 
of  their  food. 

During  the  night  we  dredged  in  53  fathoms.     The  day  was  very  fine 
and  bright,  but  towards  evening  a  dark  bank  of  clouds  rose  in  tb& 
S.W.,  and  the  barometer  began  to  fall     At  10  p.m.  a  drizzling  raii^i^ 
commenced  and  lasted  throughout  the  night 

On  Wednesday  the  4  th  August,  we  commenced  running  a  sectioDi^^ 
line  of  soundings   N.N.W.  from   Bona  Islands  towards  the  la^^t 
sounding  obtained  on   the   29th    July.     We   took  nine  casts  -^o/ 
the  lead,  which,  with  one  exception,  were  under  300  fathoms,    ^^t 
6  P.M.  we  had  completed  the  second  sectional  line.     As  the  barome^^cr 
was  steadily  falling,  and  the  weather  thick,  with  a  long  westex-Jy 
swell,  we  proceeded  towards  Stomoway. 

Third  Trip, 

The  *'  Knight  Errant "  left  Stomoway  again  on  the  9th  of  Aligns^ 
with  a  rising  barometer. 

A  line  of  soundings  was  carried  out  from  the  Butt  of  Le^ 
towards  the  *'  Holtenia  ground  "  of  Dr.  Carpenter  to  the  north-wtf^ 
ward.  During  the  night  of  the  9th  we  had  a  S.W.  gale,  whidi 
necessitated  our  ''  laying  to." 

On  the  10th  we  sounded  and  trawled  in  555  fathoms.  ^0*^ 
were  many  animals  in  the  trawl.  We  had  again  to  lay  ^  '^ 
the  evening  on  account  of  a  moderate  S.W.  gale  and  tiuc» 
weather. 

On  the  11th  we  sounded  and  trawled  in  515  fothoma.    TUstitvl- 
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ing  was  a  somewhat  barren  one.  As  our  observations  showed  us  to 
be  ten  miles  from  the  '^  Holtenia  ground,"  we  steamed  to  the  north- 
ward, and  trawled  again  in  lat.  59**  37'  N.,  long.  V  19'  W.  The 
trawling  here  was  rather  more  snccessfuL  We  also  obtained  a  serial 
temperature  at  every  50  fathoms  down  to  500  fathoms. 

In  the  evening  the  dredge  was  put  over  for  the  night,  the  weather 
being  fine. 

On  Tuesday  the  12th,  at  5  A.M.,  the  dredge  was  hove  up,  and  was 
found  to  be  full  of  ooze,  while  to  the  tangles  were  attached  numerous 
echini  and  starfishes.  The  ship's  coal  now  running  short  we  returned 
to  Stomoway  to  replenish. 

Fmrth  Trip. 

We  left  Stomoway  on  Monday  the  16th  of  August,  and  proceeded 
to  Bona  Island,  carrying  out  a  line  of  soundings.  We  stopped  on 
the  east  side  of  Bona,  and  observing  little  break  upon  the  shore, 
landed  for  a  short  time.  The  landing  place  is  on  the  eastern  side  of 
the  northern  point  of  the  island,  where  a  narrow  spur  of  moderate 
height  projects  from  the  higher  land.  It  is  at  the  entrance  of  a  small 
cavern,  faced  by  a  series  of  natural  steps,  which  were,  in  all  probar 
bility,  formerly  used  when  Rona  was  inhabited. 

The  remains  of  a  dwelling  are  visible  in  the  immediate  vicinity 
of  the  landing  place. 

The  rock  of  Bona  is  composed  of  Laurentian  gneiss,  but  here  and 
there  we  gathered  some  fragments  of  Cambrian  sandstone  evidently 
washed  up  by  the  sea  (see  page  657).  The  power  of  the  waves  is  here 
magnificently  illustrated ;  all  along  the  western  side  of  this  northern 
projecting  point,  at  a  height  of  over  50  feet  above  the  level  of  the 
sea,  is  a  line  of  stones,  some  of  them  of  considerable  size,  which  have 
evidently  been  forced  up  the  face  of  the  sloping  cliffs  during  westerly 
gales. 

The  island  is  covered  with  rich  turf,  upon  which  were  grazing  a 
considerable  number  of  sheep.  There  were  numerous  sea-birds  on 
the  clifiEs,  and  several  seals  were  seen  near  the  shore. 

On  the  western  side  of  the  projecting  point  on  which  we 
landed  is  a  deep  cavern,  which  extends  to  such  a  depth  as  to 
point  to  the  probability  of  a  breach  being  made  in  the  not  distant 
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f atare  which  will  separate  the  northern  spur  from  the  rest  of  the 
island. 

During  our  stby  off  the  island,  several  casts  of  the  lead,  over 
an  uneven  rocky  ground,  were  obtained  from  the  ship  in  7  to  8 
fathoms,  with  the  extremes  of  Rona  S.  38''  W.  and  N.  54""  W. 
(miag.). 

On  leaving  Rona  we  proceeded  to  the  cold  area  of  the  Faroe 
Channel  At  5  A.M.,  on  the  17th  August,  we  sounded  in  540 
fathoms,  and  put  the  trawl  over. 

At  10  A.M.  the  trawl  was  hauled  in  and  contained  a  splendid  lot 
of  animals,  fishes,  cephalopods,  starfishes,  Crustacea,  sponges,  pycno- 
gonids,  molluscs,  kc. 

A  tow-net  attached  to  the  trawl  contained  some  ooze.  A  serial 
temperature  sounding  was  afterwards  obtained  at  every  50  fathoms 
to  the  bottom. 

For  the  next  two  days  the  ship  was  engaged  in  running  lines  of 
soundings  between  Bona  Island,  the  Nun  Kock,  and  Cape  Wiatb, 
and  left  Stornoway  on  Friday  the  20th  of  August  for  the  soutL 

We  were  unfortunate  in  having  bad  weather  during  all  these 
cruises.  This  circumstance,  together  with  the  fact  that  the  *'  Knigbt 
Errant "  could  not  carry  a  large  supply  of  coal,  prevented  our  doing 
so  much  work  as  was  originally  intended. 

Some  most  important  results  were,  however,  obtained. 

IV.  Results. 

1.  Observing  Stations,  d:c. — ^The  following  (pp.  650-51)  is  a  Jirt 
of  the  observing  stations  during  the  cruise  of  the  '*  Knight  Ernnt," 
with  the  position,  depth,  nature  of  deposit,  bottom  temperaturesy  and 
meteorological  observations,  with  serial  temperatures  in  the  warm 
and  cold  areas. 

The  accompanying  map  of  the  Faroe  Channel  shows  the  sonod- 
ings  obtained  by  the  "  Knight  Errant,"  in  block  tigaree,  thus  (540), 
while  those  formerly  obtained  are  in  ordinary  Roman  figorea  *t^ 
*^  cold  "  area  is  coloured  blue,  the  **  warm  "  area  pink 

2.  WyvUle  Thomson  Ridge. — ^The  most  important  result  of  ^ 
''Knight  Errant"  investigations  was  the  diaooveiy  of  the  ndgs 
predicted  from  theoretical  considerations. 
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We  have  named  the  ridge  "  Wyville  Thomson  Ridge "  in  honour 
of  the  late  Sir  Wyville  Thomson. 

Its  position  is  shown  on  the  map  by  the  contour  lines  of  300 
fathoms.  The  exact  height  and  form  of  the  ridge,  however,  has  still 
to  be  determined  by  a  series  of  soundings  in  cross  sections,  and  thiB 
work  we  hope  to  undertake  during  the  present  season.'^ 

If  we  trust  to  the  indications  given  by  the  serial  temperature 
soundings,  we  should  say  that  the  depth  over  the  ridge  cannot  much 
exceed  200  fathoms. 

The  discovery  of  this  ridge  is  an  important  fact  in  Physical 
Geography,  and  is  in  itself  a  sufficient  justification,  if  justification 
were  needed,  for  a  thorough  reinvestigation  of  so  highly  interesting 
a  region  in  such  close  proximity  to  our  own  shores.  The  dis- 
covery confirms  strongly  the  correctness  of  the  theory  that  sub- 
marine ridges  exist  in  all  cases  in  the  ocean,  between  adjoining 
areas,  the  bottom  temperatures  of  which  differ  materially  at  equal 
depths. 

What  is  the  Geological  nature  of  the  Wyville  Thomson  Ridge  ? — Is 
it  an  outcrop  of  ancient  rocks  like  those  of  the  north  of  Scotland  ? 
Is  it  of  volcanic  origin  1  Is  it  the  remains  of  an  ancient  moraine  9 
We  have  no  very  definite  information  on  this  point,  but  such  as  we 
have  seems  to  indicate  that  the  last  supposition  is  the  correct  one. 
The  two  dredgings  on  the  ridge — the  one  about  mid-channel  and  the 
other  at  the  north  end  of  the  ridge — both  gave  large  stones, — 
Cambrian  sandstone,  diorite,  micaceous  sandstone,  mica  schist, 
gneissic  rock,  limestone,  amphibolite,  chloritic  rock.  These  were  all 
more  or  less  rounded,  and  in  some  cases  glacial  markings  could  be 
detected.  The  assemblage  of  stones  altogether  resembled  very  much 
what  we  would  expect  to  find  in  a  moraine  heap,  such  as  would  be 
formed  from  rocks  found  in  the  north  of  Scotland,  rather  than  from 
those  found  in  the  Faroe  Islands,  which  are  volcanic 

We  know  of  no  agent  at  work  at  present  in  this  region  which  could 
transport  these  stones  to  their  present  position.  When  lying  on  the 
bottom  many  of  the  stones  projected  above  the  deposit ;  and  their 

*  On  the  recommendation  of  the  President  and  Council  of  the  Boyal  Society 
of  London,  and  the  Hydrographer,  the  Lords  Commissioners  of  the  Admiralty 
have  detached  H.M.  surveying  vessel  "Triton"  for  two  months  during  this 
summer  (1882),  to  complete  the  work  commenced  in  the  "  Knight  Errant." 
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upper  surfaces  were  covered  with  a  coating  of  peroxide  of  man- 
ganese, and  had  living  serpulae  attached.  The  line  to  which  a  stone 
was  imbedded  in  the  deposit  was  sharply  marked  by  the  manganese 
deposit.  It  would  seem  as  if  currents  existed  here  towards  the 
north-east  strong  enough  to  carry  fine  mud  away  from  the  top  of  the 
ridge,  and  to  leave  the  larger  stones  exposed,  or  at  least  strong 
enough  to  prevent  a  deposit  of  fine  mud  from  forming. 

It  is  worthy  of  remark  that  we  dredged  no  large  stones  in  either 
the  cold  or  warm  area,  some  distance  away  from  the  ridge. 

In  the  deposit  of  the  warm  area  the  average  size  of  the  mineral 
particles  is  only  '15  m.m.,  and  these  are  nearly  all  angular  fragments 
of  quartz,  fellspar,  &c.,  but  no  fragments  of  the  ancient  rocks  of  the 
north  of  Scotland  of  sufficient  size  to  be  detected.  In  the  cold  area 
the  mean  diameter  of  the  mineral  particles  is  '35  m.m.,  with  many 
larger  fragments  of  Cambrian  (?)  sandstone,  mica  schist,  amphibolic 
gneiss,  <Scc.  (see  description  of  deposits,  pages  29-33). 

3.  Temperature, — The  serial  temperatures  show  that  from  the 
surface  to  a  depth  of  a  little  over  200  fathoms  the  temperature  of 
the  water  is  nearly  the  same  over  both  the  warm  and  cold  areas,  but 
at  greater  depths  there  are  wide  differences. 

Similar  results  were  obtained  by  the  "Porcupine"  in  1869. 

It  is  very  probable  that  throughout  the  winter,  the  temperature  at 
the  sea  surface  and  to  the  depth  of  200  fathoms  in  this  vicinity,  w 
from  ^B""  to  49''.  This  temperature  is  much  warmer  than  that  foand 
in  the  same  latitude  in  any  other  part  of  the  North  Atlantic.  It  ifl 
evidently,  therefore,  not  derived  from  the  locality  or  from  a  more 
northern  source,  but  certainly  comes  from  a  southern  latitude 

For  these  reasons  we  believe  that  the  whole  body  of  water  on  the 
south-western  side  of  the  Wyville  Thomson  Bidge  is  moving  toward 
the  north-eastward,  and  that  the  layers  deeper  than  200  fathoms  are 
stopped  or  deflected,  when  they  come  in  contact  with  the  ridge, 
while  those  less  deep  than  200  fathoms  flow  onward  to  the  north- 
eastward. 

The  cold  water,  which  fills  the  deeper  part  of  the  basin  to  the 
N.E.  of  the  ridge,  must  come  from  the  Arctic  Ocean. 

Here  we  would  point  out  a  peculiarity  in  the  distribaUon  oi 
temperature  in  the  Faroe  Channel,  a  peculiarity  not  met  with  in  aoj 
of  the  regions  examined  during  the  "  Challenger ''  expedition. 
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Id  the  diagram  (fig.  1)  given  on  page  6,  we  hkve  represented 
that  the  basia  on  the  right  is  fiUed  with  water  of  a  uniform 
temperature,  which  is  believed  to  have  flowed  over  the  top  of  the 
ridge  (A),  bo  that  the  minimom  temperature  in  ttiia  basin  is  found 
at  a  depth  the  same  as  that  over  the  top  of  the  submariue  ridge. 

In  the  Faroe  Chaunel,  however,  as  is  shown  in  the  disgnun  here 
given  (fig.  2),  although  the  water  on  the  one  side  of  the  ridge  is 


Su.,JiaS6: 


Fift2. 

wanner,  at  depths  exceediug  200  fathoms,  than  that  on  the  other 
side,  yet  on  both  sides  of  the  ridge  the  ?Rtnimtini  temperature  it  oiUy 
Ttaehed  at  lAe  bottom;  the  water  in  the  right  hand  basin  cannot, 
therefore,  have  passed  over  the  ridge,  as  in  the  case  illustrated  by 
diagram  fig.  1.  Indeed  we  have  shown  that  the  cold  water  at  the 
bottom  of  the  N.K  basia  must  come  from  the  Arctic  Ocean  or 
Spitzbergen  Sea. 

Along  the  whole  eastern  side  of  the  Atlantic,  from  the  island  of 
Teneriffe  Co  the  Faroe  Islands,  the  isotherm  of  40°  is  at  a  depth  of 
no  less  than  900  fathoms  from  the  surfaca  If  we  except  the  enclosed 
areas  of  the  Mediterranean,  Red  Soa,  and  Bulu  Sea,  this  is  the  ouly 
part  of  the  world  where  so  high  a  tempeiature  is  fouud  at  so  great  a 
depth. 

It  is  owing,  doubtless,  to  the  comparative  shallowness  of  the  water, 
that  the  minimum  tempetature  on  the  Atlantic  side  of  the  Wyville 
Thomson  Ridge  is  so  high.  We  have  every  reason  to  believe  that  if 
the  depth  here  exceeded  2000  fathoms  the  minimum  temperature 
would  be  36'6°,  as  in  the  whole  eastern  basin  of  the  Atlantic. 

What  becomes  of  the  underflow  of  cold  arctic  water  shown  by  tba 
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shaded  portion  of  the  above  diagram  (2)  %  Does  any  of  it  pass  over 
the  ridge  to  the  west  ?  What  becomes  of  the  excess  of  this  cold 
water?  At  present  we  can  give  no  satisfactory  answer  to  this 
question.  A  discussion  on  this  point  may  appropriately  be  deferred 
till  the  further  observations  and  more  detailed  investigations  which 
it  is  proposed  to  undertake  during  the  present  season  have  been 
completed. 

Bearing  in  mind  the  peculiarity  pointed  out  above  as  existing 
in  the  Faroe  Channel,  the  doctrine  of  submarine  barriers  may  be 
stated  in  more  general  terms  than  those  used  on  page  4,  as 
follows : — A  divergence  of  temperature  between  the  deep  waters  of 
two  contiguous  areas  of  the  ocean  indicates  the  level  of  the  lowest 
point  of  the  ridge  of  a  submarine  barrier  separating  the  two  areas. 

4.  Surface  Dredgings  by  means  of  the  Tow-neL — During  each  of  the 
trips  the  tow-net  was  worked  from  the  ship  whenever  the  weather 
would  permit.     For  several  days  AcawUwmetTae  were  enormously 
abundant  at,  and  for  several  fathoms  beneath,  the  surface :  during 
our  last  trip  to  the  cold  area  very  few  of  them  were  met  with. 
Pelagic  foraminifera  had  never  been  taken  near  the  British  Islands, 
but  relying  on  our  "  Challenger  "  experience,  we  predicted  that  they 
would  be  captured  in  the  tow-net  so  soon  as  the  water  beyond  the 
Butt  of  Lewis  was  reached.     Our  anticipations  were  realised.    So 
soon  as  we  got  into  true  oceanic  waters  globigerinsB  were  procured  in 
considerable  abundance  at  the  surface.     Orbulinse  were  rare,  and  we 
only  noticed  one  Fulvinulina  micheliniancu     All  these  specimens 
were  dwarfed,  and  quite  similar  to  the  dead  shells  found  at  the 
bottom  both  with  regard  to  their  size  and  relative  frequency.    These 
observations  were  quite  in  accordance  with   thoee  made  by  the 
"  Challenger "  in  various  parts  of  the  world.     The  occurrence  of 
these  surface  forms  in  the  deposits  of  the  cold  area  shows  that  the 
upper  layers  of  water  are  passing  to  the  north-east;  while  OloU- 
gerina  borealisy  which  we  believe  to  be  an  arctic  surface  species,  does 
not  apparently  occur  in  the  warm  area  deposits,  this  would  seem  Ui 
show  that  the  arctic  water  does  not  pass  over  the  ridge  to  the  south- 
west. 

On  one  occasion,  several  miles  off  the  Butt  of  Lewis^  we  i^jent 
some  hours  in  examining  a  portion  of  the  sea  where  numerous  pufBni^ 
gannets,  razorbills,  and   other   birds  were   feeding,  one  of  Aom 
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places,  io  short,  where  fishermen  go  to  shoot  their  herring  nets, 
gaided  by  the  presence  of  the  birds  and  other  animals.  Here, 
within  one  or  two  fathoms  of  the  surface,  the  tow-net  gave  only 
a  few  Copepods,  Diatoms,  and  Echinoderm  larvae.  When,  however, 
the  tow-net  was  dragged  at  a  depth  of  from  7  to  10  fathoms, 
it  came  up  filled  and  covered  with  a  mass  of  beautiful  yellow 
or  orange-coloured  slime.  This,  on  examination,  was  found  to  be 
composed  of  immense  multitudes  of  Peridinium  tripos.  We  may 
remark  that  none  of  these  were  in  catena;  whereas  in  the  open 
ocean  and  more  southern  latitudes,  these  organisms  are  frequently 
met  with  in  chains  consisting  of  nine  or  ten  individuals.  Although 
these  Peridinia  are  often  regarded  as  flagellate  infusorians,  yet 
we  could  never  detect  either  a  flagellum  or  cilia,  though  we  have 
observed  them  for  several  years.  Indeed  they  seem  to  be  undoubted 
algse,  and  their  production  in  enormous  abundance  most  probably 
depends  on  certain  conditions  of  sunlight  and  temperature.  Another 
haul  of  the  tow-net  at  a  depth  exceeding  10  fathoms,  gave  vast  numbers 
of  the  megalopa  stage  of  crabs,  together  with  a  good  many  Cope- 
pods,  Amphipods  and  larval  fish.  The  stomachs  of  these  Crustaceans 
were  filled  with  Peridinia,  so  that  these  minute  Algae  supplied  them 
with  food.  The  herring  and  mackerel,  which  we  procured  from  the 
fishermen,  had  their  stomachs  filled  with  these  minute  Crustaceans. 
The  birds,  again,  were  feeding  upon  the  herring.  Dolphins,  whales, 
and  dog  fish  were  also  busy  upon  the  same  ground,  but,  unfortunately 
we  had  no  opportunity  of  examining  their  stomachs. 

We  have  here  a  chain  of  phenomena,  which  if  carefully  worked 
out,  might  give  much  information  concerning  the  habits  of  many  of 
our  food  fishes.  The  abundance  of  Peridinia  gives  food  for  the 
minute  animals  which  are  in  a  process  of  development  in  the  ocean, 
and  these  again  serve  as  food  for  our  edible  fishes.  A  knowledge  of 
the  food  supply  of  these  fishes,  indeed,  and  of  the  conditions  to  which 
it  is  subject,  would  probably  give  the  key  to  the  solution  of  the 
mjBterj  which  at  present  surrounds  the  migrations  of  many  of  these 
fishes.  That  knowledge  can  best  be  acquired  by  a  diligent  and  con- 
tinued use  of  the  tow-net,  together  with  an  examination  of  the 
stomachs  of  the  fish.  In  the  stomach  of  the  herring  and  mackerel 
which  we  examined  during  our  cruises  the  following  were 
observed  : — Young  of  herring,  sprat  and  other  fish,  Zoeas  of  crabs^ 
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Oalathea,  Algse,  My  sis  ^  Euphaiisia,  Thysanopodc^  Hyperioj  Cytkere, 
Lemora,  JEvadne,  Laws,  of  MolloscSy  Sagitta,  The  Schizopods  were 
sometimes  very  numerous  in  the  stomachs. 

Dr.  James  Bae,  RN.,  gives  the  following  list  of  Diatoms  from  the 
Knight  Errant "  surface  gatherings  :* — 

Co8cinodiscu8  concinnus,  HemidiBCua  cuneiformis, 

radicUtu,  Rhizoaolenia,  sp.  (1). 

octdus  iridis,  Chetoceras^  sp.  (?). 

Campylodiscus  costatus. 

Professor  Ernst  Haeckel  gives  the  following  list  of  Radiolaria : — 


>» 


>» 


Acanthometra.              Rhizosphaera, 

Actinocyrtis. 

Xiphacantlia,               Actinomma, 

Amphilonche, 

DorcUaspis,                   Spongocyriis. 

Spongodiscus, 

Mhmosphaercu             Thalamcolla. 

ThcUassosphaera. 

Heliosphaera.               Calcaromma, 

Dr.    George  Brady  gives  the  following 

list  of  Ck>pepoda  and 

Cladocera : — 

Oithona  spinifrans  ? 

Boeck. 

Ccdanus  finmarchicus. 

Gunner. 

Temora  longicomis. 

Miiller. 

Dias  longiremis. 

LiDjeborg. 

Eucalanu8  attenuate. 

Dan& 

CeiUropagea  typicus. 

Kroyer. 

Anomalocera  patersonii^ 

Templeton. 

JEvadjie  nordmanni, 

Pleopis  polyphemoides,  Lov^n. 

*  In  a  letter  Mr.  E.  Grove  gives  mo  the  following  additional  diatoms  from 
the  "  Knight  Errant"  surface  gatherings  in  the  Faroe  Channel : — 


HycUodisevs  maeulcUtts. 

(Podoeira,  W.8.) 

Coadnodiscus  centralis. 

(1  specimen  only.) 

Mchsira  sulcata. 

(scarce.) 

Actinaphychus  undulatiis. 

(1  specimen  only.) 

Actinocyelus  ehrenherffii. 

(1  fragment) 

Biddulphia  mobilierms,  Bail. 

(scarce.) 

Rhizol^nia  styliformis. 

(frequent) 

,y         alata. 

(not  nnfrequent) 

„         imbricata?  var. 

(scarce.) 

Chofiocera^s  dcdjnens  t  Cleve. 

(common.) 

(?  Cboet.  bacillaria,  Bailey. ) 

Cho'i.  horcalCf  Bail. 

(scarce.) 

,,          var.  brightwellii,  Cleve. 

(frequent) 

Navkula  diataiis. 

(1  specimen.) 

Pleurosigina  diredum,  Gnin. 

(frequent) 

(Scarcely  sigmoid,  has  apppeanince 

of  aNavicola.) 

Synedra  thalossiot^rix,  Cleve. 

(frequent) 
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In  addition  to  the  above  the  following  were  observed  :— 

Glohigerina  bulloides. 

GlMgerina  tnflata, 

n^y,'  •  ^  }  See  Mr.  H.  R  Brady's  Report. 

Pulvinulina  micheliniana  (one). 

Salpse,  Sagittae,  Schizopods,  Amphipods,  larvae  of  Membranipora^ 
Lamellibranch,  Gkisteropod  and  Echinoderm  larvae,  Peridinium 
tripos,  and  Coccospheres. 

5.  Dredgings,  Trawlings,  and  Soundings,  —For  convenience  of 
reference  and  comparison  we  divide  these  into  (a)  those  on  the 
plateau  surrounding  North  Rona  and  Sulisker,  {h)  those  in  the 
warm  area,  (c)  those  in  the  cold  area,  and  (d)  those  on  the  Wyville 
Thomson  ridge. 

(a.)  On  the  Plateau  surrounding  North  Rona  and  Sulisker, 

(1)  Soundings. — A  great  many  soundings  were  taken  on  the 
plateau  which  surrounds  North  Rona,  and  between  it  and  the  Butt 
of  Lewis  and  Cape  Wrath.  The  depths  were  from  30  to  80  fathoms, 
the  average  being  about  50  fathoms. 

The  bottom  was  sometimes  a  fine  calcareous  sand,  sometimes  a 
quartz  sand,  and  sometimes  a  fine  gravel.  These  varieties  of  deposits 
occurred  without  any  apparent  relation  to  depth.  Generally  the 
particles  were  more  or  less  rolled,  and  all  the  materials  collected  on 
this  plateau  out  to  the  100  fathom  line,  gave  the  impression  that 
they  were  often  set  in  motion  and  frequently  sorted  by  the  action  of 
waves  and  currents.  None  of  the  soundings  indicated  the  presence 
of  mud  or  argillaceous  matter. 

The  calcareous  particles  were  composed  of  broken  and  rolled 
fragments  of  mollusc  shells,  polyzoa.  Annelid  tubes,  echinoderms  and 
foraminifera. 

The  sandy  particles  were  chiefly  rounded  fragments  of  quartz,  with 
some  pieces  of  mica,  hornblende,  and  feldspar. 

The  gravel  was  composed  of  rolled  pieces  of  the  older  rocks, 
as  amphibolic  gneiss,  Cambrian  sandstone,  diorite,  and  pieces   of 

jasper. 

The  following  were  the  percentages  of  carbonate  of  lime  in  four 
of  these  soundings  : — 
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S.S.W.  of    r    3rd  August  53  fathoms.  80*15  per  cent 

llortli  Rona  (    3rd      „  b^      „  31-54       „ 

W.of      jlSth      „  43        „  77-00      „ 

llorth  Rona  1  18th      „  54        „  22*61       „ 

(2)  Dredgings, — Two  hauls  of  the  dredge  were  taken  N.N.W.  of 
North  Rona  on  the  3rd  and  4th  August  1880.  Lat  69°  12'  N., 
long.  5**  57'  K,  in  53  fathoms. 

1st  hauL — The  dredge  was  lowered  at  5.30  p.m.  and  hauled  in 
again  at  8  p.m.,  it  had  two  swabs  and  a  tow-not  attached.  The  bag 
of  the  dredge  and  the  tow-net  attached  were  filled  with  sand  and 
gravel,  and  several  echini,  starfish,  ophiurids,  polyzoa,  lamellibranchs, 
annelids,  hydroids,  and  attached  foraminifera. 

2nd  haul — The  dredge,  with  swabs,  was  put  over  at  9.30  p.m.  on 
the  3rd,  and  hauled  in  at  3.30  A.M.  on  the  morning  of  the  4th 
August  The  bag  of  the  dredge  was  burst,  or  rather  the  lower 
surface  had  been  torn  away  by  passing  over  rough  ground,  one  swab 
was  carried  away,  and  the  other  was  covered  with  polyzoa.  In  the 
dredge  and  on  the  swab  were  several  starfish,  one  comatula, 
ophiurids,  Crustacea,  gasteropods,  and  lamellibranchs,  many  polyzoa, 
cinipeds,  pycnogonids,  sponges,  hydroids,  and  attached  foraminifera. 

The  largest  pieces  of  rock  were  about  4  centimetres  in  diameter, 
and  all  the  fragments  were  more  or  less  rounded. 

The  following  were  the  principal  varieties  of  rocks  observed : — 

1.  Mica-schist^  composed  of  alternate  bands  of  feldspar  and  quartz 
with  mica. 

2.  Quartzita 

3.  Micaceous  quartzite  (Cambrian?). 

4.  Red  micaceous  sandstona 

5.  Limestona 

6.  Syenitic  rock  containing  feldspar  and  hornblende,  quartz,  pass- 
ing to  amphibolite. 

7.  Large  grained  sandstone  (Cambrian?),  containing  feldspar. 

8.  Arkose,  containing  quartz,  feldspar,  and  Muscovite. 

The  sand  is  composed  of  grains  of  quartz,  more  or  less  romided, 
feldspar  grains  are  much  less  abundant,  hornblende,  small  fragments 
of  rocks,  quartzite,  sandstone,  amphibolite.  The  sand  seems  to 
come  from  the  decomposition  of  granite  and  gneiss.  It  is  stiaog^ 
however,  that  mica  appears  to  be  quite  absent  We  subjoin  a  Hit 
of  the  animals  obtained. 
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Mollusca. 


Vol.  XI. 


Circe  minima, 

Montagu. 

Ventu  faseiata. 

Da  Costa. 

Tapes  virgineus  (yooiig). 

Linn4. 

Tellina  ctomo. 

Gmelin. 

Psmnmobia  oostuUUa, 

Turton. 

Madra  solida,  yar.  (elliptiea). 

L. 

Saxicava  rugoaa,  yar.  (arctica). 

L. 

JBulvmapolHa. 

L. 

NoHca  moniaeuti  (moniagui). 

Forbes. 

Aporrhala  pes-peUscani, 

L. 

Anteroidea. 

Luidia  Mr  Hi. 

DUb.  k  EOT. 

Porania  ptUvUlus, 

0.  F.  Miill. 

Crtbrella  oculata. 

Tiinck. 

Orosaaster  papposus. 

Linck. 

AsUraeanihion  rttbena. 

Linn^ 

„           mUlleri, 

Sara. 

Crostacea. 

S^eiwrhyfuhua  longirostria. 

Fabr. 

ffyaa  eoareUUtta, 

Leach. 

Malia  tiiberosa. 

Pennant. 

Munida  rugoaa. 

Fabr. 

Ligia  oceanica. 

Eurydice  trwneaia. 

Norman. 

Sealpellum  mUgare. 

Leach. 

Balanus. 

Pycnogonida. 

Pycnogonwn  liftorale. 

Strom. 

Annelida. 

iMffisea  propinqiM, 

Mgn. 

Epame,  n.s.p. 

Olycera  eapitata. 

(Ersted. 

Onuphis  lilineata. 

Baird. 

Lumbnamereisfragilia. 

0.  F.  M. 

Ditrypa  arietina. 

0.  F.  M. 

Serpula  vermicularis. 

L. 

Echinoidea. 

JSchinua  narvegieus. 

Drib.  &  Kor. 

„       acutus. 

Tinmk. 

„       nuU, 

Lamk. 

Echinocyamus  punllus. 

Gray. 
Leske. 

SpcUangiis  purpureiLs. 

Echinocardium  flavescejis. 

A.  Ag. 

„           pennalifidium. 

Norm. 

Ophinroidea. 

Ophiocoma  nigra. 

Miill.  and  Tr. 

Ophicpholis  actUeata, 

Gray. 

Ophiothrix  pentaphyllum. 

Ljn. 

Hydroida. 

Thuiaria  thuia. 

TubiUaria  indiviaa, 

Other  Hydroida. 

4p 


Jeacb case « *        ^-8-'^ V^,  44*° '.  '^^J^e uP ^^ ^^^ tJ over 
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Crustacea. 

Mitnida  tenuimana,  G.  0.  Sars. 

Nephropsia  aUanUca^  n.  sp. 

Annelida. 
Empty  chitinoas  tnbe. 

Station  6.  11th  AuguBt  Lat.  69'  26'  N.,  long.  71*  19'  W. 
515  fathoms.  Bottom  temperature  45*4'';  surface  temperature, 
66  •6\ 

The  trawl  had  a  tow-net  attached  to  the  beam,  but  without  swabs, 
and  without  a  bag  in  the  bottom  of  the  trawl.  It  was  put  over  at 
9  A.M.,  and  hauled  in  at  11.30  a.m. 

The  tow-net  came  up  with  a  small  quantity  of  mud,  some  surface 
organisms,  and  in  the  trawl  there  were  some  Crustacea,  holothurians, 
and  annelids,  &c.,  as  follows : — 


Mollosca. 

• 

Fusua  sarai  (yonng). 

Jefireya. 

Holothurioidea. 

LaUmogone  violacea. 

Th^eL 

Crustacea. 

Dcrhynchus  thomsoni. 
AnuUhia  carpenUri, 
Munida  tenuimana. 

Norman. 
Norman. 
G.  0.  Sara. 

Pycnogonida. 
Nymphon  strosmii. 

Kroyer. 

Annelida. 

JEvarm  johnstoni, 

Nemerteans  {Enopla  and  ATwpla), 

M'Intosh. 

Crinoidea. 

Ithizocrinus  lofotensis. 

M.  Sars. 

Ophinroidea. 
Ophicuantha  trideTUaia. 

Ljn. 

Echinoidea. 

Echinus  (X), 

Stations  6  and  7.  11th  August.  530  fathoms.  Lat  59*"  37' 
li",,  long.  7*  19'  W.  Bottom  temperature,  46'6°.  Surface  tempera- 
tmre,  57 -0^ 

1st  haul. — No  sounding  was  taken,  the  position  being  the  same 
^8  that  of  a  ''Porcupine"  station  in  1869,  giving  a  depth  of  530 
fathoms. 

The  trawl  was  put  over  at  2  p.m.,  and  hauled  in  at  6.30  p.sc  with 
%ow-net  attached  to  the  beam,  but  no  bag  in  the  bottom  of  the  trawl 
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nor  swabs  were  used.  In  the  tow-net  there  was  a  little  of  the  deposit 
evidently  knocked  up  by  the  action  of  the  trawl  in  passing  over  the 
bottom,  and  in  the  trawl  were  many  animals. 

2nd  haul. — Dredge  with  two  swabs  attached  was  put  over  at 
8  P.M.  on  the  1 1th,  and  hauled  in  at  4  A.M.  on  the  12th  August.  The 
bag  of  the  dredge  was  full  of  a  grey  mud  (about  40  litres)  with 
Echinoderms,  Annelids,  Qasteropods,  <&c. 

Description  of  the  Deposit,* 

Grey  mud  coherent,  finely  granular,  homogeneous,  earthy, 
calcareous,  has  a  greenish  tinge  when  wet 

*  The  description  of  these  deposits  has  been  made  upon  the  plan  which  we 
have  adopted  in  our  work  in  preparation  upon  the  oceanic  deposits,  to  form 
one  of  the  reports  on  the  scientific  results  of  the  **  Challenger  "  expedition. 

This  is  not  the  place  to  develop  the  reasons  which  have  guided  us  in  adopt- 
ing this  mode  of  description,  or  to  expose,  in  detail,  the  methods  which  we 
have  systematically  employed  for  all  the  sediments  which  we  are  engaged  in 
describing.  These  will  be  given  in  great  detail  in  the  introduction  to  onr 
**  Challenger"  report.  We  limit  ourselves  here,  in  order  to  facilitate  the  com- 
prehension of  our  descriptions,  to  describe  the  order  of  our  tables,  and  to 
explain  the  meanings  and  arrangement  of  terms  and  abbreviations. 

The  description  commences  by  indicating  the  kind  of  deposit  (red  clay,  grey 
mud,  globigerina  ooze,  &c.),  and  comprises  the  microscopic  detennination  of 
the  characters  of  the  deposit,  when  wet  or  dry. 

When  we  have  not  given  a  complete  analysis  of  the  deposit,  we  have  alwsyi 
determined  the  amount  of  Carbonate  of  Calcium.    This  determination  was 
generally  made  in  estimating  the  carbonic  acid.     We  took  usually,  for  ^ 
purpose,  a  gram  of  the  substance,  and  calculated  in  this  manner  the  carbosite 
of  calcium.    Weak  and  cold  hydrochloric  acid  was  used.    However,  as,  in<l^ 
pendent  of  the  carbonate  of  calcium,  the  deposits  often  contain  carbonateB  of 
magnesia  and  iron,  the  results  calculated  in  placing  the  carbonic  acid  to  OiO 
are  not  perfectly  exact.     These  carbonates  of  magnesia  and  iron  are  ahuoit 
always  in  very  small  proportion,  and  the  result  of  the  process  gives  that  d^grM 
of  accuracy  which  we  think  necessary.    The  number  which  follows  the  wordi 
"  carbonate  of  calcium  '*  indicates  the  percentage  of  CaCO,  ;  we  then  give  the 
general  designations  of  the  principal  calcareous  organisms  forming  the  ouboD^ 
of  lime  in  the  deposit.    The  part  insoluble  in  the  acid,  after  the  detenninatioD 
of  the  carbonic  acid,  is  designated  in  our  descriptions  by  the  name  BsiPi^ 
The  number  which  follows  this  word  indicates  its  percentage  in  the  deposits ; 
then  follow  the  colour  and  principal  physical  properties.     This  reaidne  is 
washed  and  submitted  to  regular  decantations,  which  permit  the  aereral 
elements  of  this  insoluble  portion  being  separated  according  to  their  dansitf. 
We  divide  these  portions  into  three  groups — (1)  Minerala,  (2)  Silkeont  Orf*' 
isms,  (3)  Fine  Washings. 

1.  Minerals.— The  number  within  brackets  indicates  the  peroentage  of  P^ 
ticular  minerals  and  fragments  of  rocks.    This  number  ia  the  result  of  as 
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Casbonate  of  calcium  32-72  per  cent,  consists  of  Coccoliths, 
Coccospheres,  Globigerinas,  Pulvinulmas,  Orbulinas,  Nodosarias, 
Tnincatulinas,  Nonioninas,  &c.  Fragments  of  Echini,  Molluscs, 
Ostracodes,  one  or  two  Pteropod  fragments. 

BssiDUE  67  •28  per  cent,  greyish-brown,  consists  of — 

Minerals  [40*00],  m.  dL  0*1  mm.,  almost  all  angular;  quartz, 
hornblende,  augite,  magnetite,  volcanic  glass,  glauconite,  feldspar. 

SUtceons  organisms  [5*00]:  Diatoms,  Radiolarians,  Sponge  spicules, 
and  a  few  glauconitic  casts  of  Foraminifera. 

Fine  tmuhings  [22*28] ;  argillaceous  matter  with  minute  fragments 
of  minerals  and  siliceous  organisms. 

Remarks, — The  larger  portion  of  the  mud  was  passed  through  fine 

approximate  yaluatioD,  of  which  we  will  give  the  basis  in  our  report  As  it  is 
important  to  determine  the  dimensions  of  the  grains  of  minerals  which  consti- 
tate  the  deposit,  we  give,  following  the  contraction  m.  di,f  their  mean  diameter 
in  millimetres.  This  evaluation  is  made  with  the  micrometer.  We  give  next 
the  form  of  the  grains,  if  they  are  rounded,  &c.,  then  follows  the  enumeration 
of  the  species  of  minerals  and  rocks.  In  this  enumeration  we  have  placed  the 
minerals  in  the  order  of  the  importance  of  the  rdle  which  they  play  in  the 
deposit.  The  specific  determinations  have  been  made  with  the  microscope, 
and  with  the  aid  of  Nicol's  prisms,  by  parallel  or  convergent  light. 

2.  Siliceous  Organisms. — The  number  between  brackets  indicates  the  per- 
centage of  siliceous  organic  remains.  We  obtain  it  in  the  same  manner  as  that 
placed  after  the  word  Minerals.  The  siliceous  organisms  and  their  fragments 
are  examined  with  the  microscope.  We  have  also  placed  under  this  heading 
the  glauconitic  casts  of  the  foraminifera  and  other  calcareous  organisms. 

3.  Fine  Washings, — We  designate  under  this  name  the  particles  which, 
resting  in  suspension,  pass  with  the  first  decautation.  They  are  about  0*05 
mm.  or  less  in  diameter.  Wo  have  not  been  able  to  arrange  this  microscopic 
matter  under  the  category  of  Minerals^  because  at  this  small  size  it  is  impos- 
sible to  determine  the  species.  Wo  have  always  found  that  the  Fine  Washings 
is  in  considerable  quantity  as  the  deposit  passes  to  a  clay,  and  it  is  from  this 
point  of  view  that  the  subdivision  has  its  raison  d'etre.  We  often  designate 
the  lightest  particles  by  the  name  argillaceous  matter,  but  usually  there  are 
associated  with  this  very  small  fragments  of  indeterminable  minerals,  and 
fragments  of  siliceous  organisms.  The  number  within  brackets  which  follows 
the  words  Fine  Washings  is  obtained  in  the  same  manner  as  the  similar 
numbers  referred  to  in  the  two  preceding  paragraphs. 

These  few  words  will  suffice  to  render  our  descriptions  intelligible.  Greater 
details  will  be  given,  as  already  stated,  in  our  larger  work.  We  may  add  that 
in  the  majority  of  cases  we  have  solidified  the  sediments  and  formed  them  into 
thin  slides  for  microscopic  examination,  and  that  at  all  times  the  examination 
by  transmitted  light  has  been  carried  on  at  the  same  time  as  the  examination 
l^^  reflected  light  Each  description  is  followed  by  notes  upon  the  dredging 
or  sounding,  upon  the  animals  collected,  and  a  discussion  of  the  analysis 
whenever  a  complete  analysis  has  been  made. 

J.  M.  and  A.  B. 


664  Proceedings  of  tlie  Royal  Society 

sieves,  and  the  washings  thus  obtained  consisted  of  sandy  and 
calcareous  Foraminifera,  small  Gasteropod  and  Lamellibranch  shells, 
a  few  fragments  of  Pteropod  shells,  worm-tubes,  sponge  spicules, 
a  few  Radiolaria,  and  grains  of  quartz. 

When  the  mud  itself  is  passed  between  the  finger  and  thumb 
small  hard  particles  are  felt 

Chemical  analysis  gave  the  following  : — 

From  Station  4.    Sounding  tube.     555  fathoma 

Insoluble  in  HCl, 69*43 

SolubleinHajctfeSglM^^^^^     !        .*         28-96 

99-56 


Microscopically  examined,  the  carbonate  of  calcium  appears  to  make 
up  fully  one-half  of  the  deposit  in  bulk,  and  consists  almost  entirely 
of  the  dead  shells  of  Globigerina,  Pulvinulina,  and  Orbulina,  along 
with  Coccoliths  and  Coccospheres,  which  have  fallen  from  the  surface 
to  the  bottom.  Many  other  genera  of  Foraminifera,  as  Textularia, 
Uvigerina,  Nonionina,  Truncatulina,  Nodosaria,  &c.,  together  with 
fragments  of  Polyzoa,  Echinoderms,  Gasteropods,  Lamellibranchs, 
Pteropods,  and  Cypridina  valves  were  observed,  but  these  do  not 
seem  to  make  up  more  than  2  per  cent,  of  the  total  quantity  of 
carbonate  of  lime  in  the  deposit. 

The  insoluble  residue  is  essentially  composed  of  grains  of  quartz, 
often  covered  with  hydrate  of  iron,  and  having  a  diameter  of  *5  mm., 
associated  with  these  are  many  black  particles,  which  may  be 
extracted  by  the  magnet  and  are  magnetic  iron,  while  others  are 
particles  of  mica  and  hornblende. 

There  are  numerous  glauconitic  casts  of  Foraminifera  and  other 
organisms  of  a  yellow  and  greenish  tinge ;  radiolarians  and  sponge 
spicules  are  also  present 

When  the  deposit  is  hardened  and  made  into  thin  microscopic 
slides,  it  can  be  observed  that  the  quartz  is  of  clastic  origin,  and 
generally  rounded  or  of  an  irregular  shape,  the  black  mineral  partidee 
are  seen  to  be  transparent,  green,  dicroscopic,  and  formed  of  biotita 
The  magnetic  iron  and  hornblende  particles  are  much  less  abandaot 
than  the  mica,  one  rarely  sees  the  cleavage  characteristic  of  horn- 
blende; some  small  particles  of  a  blue  colour,  very  dicioBoopic,  mij^t 
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be  referred  to  tourmaline ;  some  of  the  arenaceous  Foraminif era  are 
uniformly  coloured  red. 

List  of  the  Animals  taken  at  these  Stations. 


Pisces. 

JTaloporphyrus  Upidion. 

Risso. 

Stat.  6. 

Brosmitu  hrosme. 

MuU. 

ft 

Mollusca. 

Amussium  Tioskynsi. 

Forbes 

It 

Aporrhais  serresianus. 

Michaud. 

>t 

Fu9U8  fencstraius. 

Turt 

f> 

Fusus  bemiciensist  var.  {cUgans). 

King. 

>> 

Area  pectunculoUUs. 

Sc. 

Stat  7. 

Leda  lucida. 

Lov. 

>i 

,,   frigida. 

Torell. 

>t 

Nucula  tumidula. 

Malm. 

»i 

„      corbuloides. 

SeguenzA. 

II 

Cardium  minimum. 

Ph. 

II 

NefBTa  striata. 

Jeffr. 

ft 

,,      ohesa. 

Lov. 

tt 

Hela  tenella  (young). 

Jeffr. 

tt 

Natica  moTUacuti  (young). 

Forbes. 

it 

Aporrhais  serresianus  (young). 

Mich. 

II 

CerithiuTfi  m^tula. 

Lov. 

f » 

Columbclla  haliaseli. 

Jeffr. 

II 

„         costuUUa, 

Cant. 

II 

Cylichna  alba. 

Brown. 

>> 

ft        ovala. 

Jeffr. 

tt 

Echinoidea. 

Spatangus  purpureus  (young)  ?  ?  Leske. 

Phormosoma  placenta.  W.  Th. 

Porocidaris purpurata.  W.  Th. 

Dorocidaris  papillata.  A.  kg. 

Echinus  norvegicus.  Diib.  k 


Kor. 


Ophiuroidea. 

Ophioglypha  auraniiaca. 
Ophicutis  abyssicola. 

Holothurioidea. 

Latmogone  violacea. 
Thyone  raphanus. 
Stichopus  l?)  tizardi. 
Echinocucumis  typica. 

Crustacea. 

Oeryon  tridens. 
Munida  tenuinana. 
Amathia  carpenteri. 
Eurydicc  polydendrica. 
Baploops  seiosa. 
Ampclisca  compa^ta. 

Pycnogonida. 
Nymphon  strcemii. 


VU. 
Ljn. 


Theel. 

Dlib.  and  Kor. 
n.  sp. 
Sars. 


Kroyer. 

G.  0.  Sars. 

Norman. 

N.  &  Stebbing. 

Boeck. 

M.  sp.  (?) 


Stat  6. 


II 


Stat  7. 


II 
It 


Stat  6. 
Stat  7. 


Stat  6. 
Stat  6  &  7. 
Stat  6. 
Stat  7. 


Stat  6. 
Stat  6  &  7. 
Stat  7. 

11 
11 
It 


Kroyer. 
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Annelida. 

Nothria  (small).  Stat.  6 

Empty  muddy  tubes.  „ 

Aphrodita  aculeata.  L.  Stat.  7. 

J^Eimonice  filieomis,  Kbg. 

Leanira  hystrids.  Ehlera. 

MaldarUf  near  sarsi.  Mgn. 

Ampharete  aretica.  Mgn. 

Hydroidea  norveffiea.  Gunn. 
ProtiUa  (fragt. ). 


>f 


Asteroidea. 

Archaster  hi/rons.  ^.y^*  "^^^ 

Astropecten  andronieda,  MiilL  &  Tr.  , 

Porifcra. 
HoUenia,  sp.? 

Crinoidea. 
Ithizocn7iuSf  fragt.  „ 

Pennatnlida. 

Kophobelemnon  millleri  (?)  Sara.  Stat  6  &  7. 

PcnruUula  rosacea.  Stat  7. 

„        sp. 

Sounding  5.     27tli  July  1880.     Depth,  560  fathoms. 

Grey  mud  with  slight  greenbh  tinge,  plastic,  granular,  calcareous, 
earthy,  with  small  hard  particles. 

Cabboxate  of  calcium  27 '36  per  cent.,  consists  of  Coccoliths, 
Coccospheres,  Globigerinas,  Pulvinulinas,  Uvigerinas,  Cassiduh'Da^ 
Nonioninas,  Nodosarias,  dec,  fragments  of  Echini,  Ostracode 
valves. 

Residue  72  64  per  cent.,  brownish-grey,  consists  of-— 

Minei'cUs  [56*00],  m.  di.  0*15  mm.,  a  few  particles  nearly  '5  mm.; 
quartz,  hornblende,  mica,  feldspar,  glauconite.  The  quartz  grains 
are  often  rounded,  the  other  particles  are  angular. 

Siliceous  wganiims  [2*00] :  Diatoms,  spicules  of  Sponges,  and  casts 
of  Foraminifera  of  a  pale  yellowgreen  colour. 

Fine  washings  [15*64] ;  argillaceous  matter  with  fragmentB  of 
siliceous  organisms  and  minute  mineral  particles. 

(c.)  Dredgings  and  Trawlings  in  the  Cold  Area, 

Station  8.     17th  August     540  fathoma  Lat  60^  3'  K.,  looft 

5^  61'  W.  Bottom  temperature,  29*2°.  Surface  temperatwe» 
56 -5^ 

In  the  sounding  tube  there  was  a  small  quantity  of  bhe  mad* 
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The  trawl  was  used  with  a  swab  at  one  end  and  a  tow-net  at  the 
other  end  of  the  beam,  and  a  bag  at  the  bottom  of  the  netting.  In 
the  tow-net  there  was  about  a  litre  of  mud,  and  about  5  litres 
in  the  bag  of  the  trawL  In  the  trawl  there  were,  besides  many 
hundreds  of  pycnogonids,  many  fish,  some  starfish,  ophiuroids, 
echini,  &c. 

Blue  mud  with  greenish  tinge,  grey  when  dry,  sandy,  calca- 
reous. 

Carbonate  op  calcium  12*75  per  cent.,  consists  of  many  Cocco- 
liths  and  Coccospheres,  Globigerinas,  Pulvinulinas,  ^onioninas, 
Lagenas,  &c.,  fragments  of  Echini,  Ostracodes,  Molluscs. 

Residue  87*25  per  cent,  consists  of — 

Minerals  [65*00],  m.  dL  '3  mm.,  with  some  particles  over  1  mm., 
often  rounded ;  quartz,  often  covered  with  oligist,  augite,  hornblende, 
magnetite,  mica^  fragments  of  ancient  and  recent  rocks.^ 

« 

*  We  will  not  seek  here  to  justify  in  detail  the  employment  of  the  terms 
ancient  and  recent  rocks,  but  limit  ourselves  to  indicating  the  meaning  which 
we  give  to  these  terms,  and  the  reasons  which  have  guided  us  in  introducing 
into  our  descriptions  this  subdivision  of  massive  crystalline  rocks  into  two 
j^roups.  This  is  not  the  place  to  enter  into  the  discussion,  which  is  being 
carried  on  at  the  present  time  among  a  certain  number  of  lithologists,  as  to 
whether  the  same  denomination  ought  to  be  applied  to  the  same  lithologic 
type  without  respect  to  its  geological  position. 

Whatever  may  be  the  issue  of  these  discussions,  it  remains,  nevertheless, 
true,  that  there  exist  certain  minute  details  of  structure,  and  certain  characters 
in  the  constituent  minerals  of  rocks,  differences,  in  short,  sufficiently  im- 
portant to  indicate  generally  if  a  massive  crystalline  rock  belongs  to  ante- 
tertiary  or  tertiary  and  post-tertiary  periods.  If,  as  we  think,  these  two 
groups  can  be  practically  distinguished,  even  although  they  present  insensible 
transitions  from  one  to  the  other,  then  it  is  important,  for  an  exact  knowledge 
of  the  origin  of  sediments,  to  take  this  division  into  consideration  in  our 
descriptions  of  marine  deposits.  These  sediments  we  know  include  at  the 
same  time  rocks  and  free  minerals  produced  by  the  disintegration  of  these 
rocks.  If  we  are  able  to  apply  the  distinction  into  ancient  and  recent  rocks, 
then  we  ought,  in  a  certain  sense,  to  be  able  to  tell  whether  the  isolated 
minerals  found  in  the  deposit  come  from  the  one  or  the  other  type  of  rock. 
We  should  be  able,  by  the  aid  of  this  distinction,  to  determine  with  pro- 
bability whether  the  mineral  fragments  found  in  deposits  come  from  conti- 
nents, are  the  result  of  submaiine  eruptions,  or  have  been  carried  by  floating 
ice,  &c. 

Notwithstanding  the  care  which  has  been  taken  to  establish  these  distinc- 
tions, we  are  often  unable  to  pronounce  with  certainty  ;  for,  as  we  have  said, 
the  distinctive  characters  which  wo  have  alluded  to  are  not  so  well  marked, 
the  fragments  which  are  present  in  the  deposits  are  very  minute,  and  many  of 
the  finer  details  have  been  removed  by  decomposition.  As  to  the  minerals, 
with  which  we  have  more  frequently  to  deal  than  with  the  rocks  them- 
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Siliceous  organisms  [3*00]  :  Sponge  spicules,  Diatoms  and  Radio- 
larians,  and  one  or  two  pale  glauconitic  casts. 

Fine  washings  [19 '25] ;  argillaceous  matter  with  minute  fragments 
of  minerals,  diatoms,  and  other  siliceous  organisms. 

Remarks, — When  the  mud  is  passed  between  the  fingers  many 
gritty  particles  are  found  to  be  present  These  can  be  observed 
generally  to  be  fragments  of  quartz  and  rocks. 

Chemical  analysis  gave  the  following : — 

Insoluble  in  HCl, 84*55 

soluble  m  uu  I  (.^(.Q^  _  j^g^Q^  ^  ^^.3^ 

100-11 


The  carbonate  of  lime  appears  to  make  up  about  one-fourth  of  the 
deposit  in  bulk,  and  consists  almost  wholly  of  pelagic  Foraminifera, 
Coccoliths,  and  Coccospheres,  the  same  as  found  at  the  stations  in 
the  warm  area. 

Mixed  up  with  these  are  a  few  of  the  bottom  Hying  Foranunifera 
and  fragments  of  Echinoderms.     The  insoluble  residue  is  essentially 

selves,  the  difficulty  is  still  greater,  on  account  of  their  isolated  condition  and 
the  physico-chemical  actions  which   they  have   undergone.      However,  wc 
are  often  aided  by  their  association  with  fragments  of  rock,  whose  classification 
is  possible  ;  by  their  being  sometimes  seen,  on  microscopic  examination,  to  be 
bordered  by  remains  of  the  rock  of  which  they  were  formerly  an  integral  part ; 
and  by  their  geographical  position  (which  point  is  also  applicable  to  the  deter- 
mination of  the  age  of  fragments  of  rocks).     Whatever  we  may  think  of  the 
causes  of  the  characteristic  differences  of  these  two  lithologic  groups,  thia 
distinction  offers,  none  the  less,  a  very  practical  advantage,  and  if  it  i> 
applied  with  care,  it  throws  some  light  on  the  interpretation  of  the  facts  with 
which  we  have  to  deal. 

We  cannot  dwell,  in  this  note,  upon  the  diagnostic  characters  which  we  have 
employed ;  we  will  return  to  that  in  the  introduction  to  our  Report  on  the 
deposits  collected  during  the  ''Challenger"  expedition.  As  we  have  htdi 
especially,  to  study  very  minute  fragments  of  rocks  and  of  isolated  mineral^ 
questions  relative  to  the  structure  of  rocks,  properly  so  called,  have  hwn 
considered  ouly  in  a  subsidiary  manner.  We  give  some  of  the  characten 
which  have  guided  us  in  the  classification  into  the  two  groups.  We  repeat 
that  theeu  peculiarities  have  only  a  relative  value,  and  we  do  not  regard  them 
as  absolutely  conclusive  in  every  case. 

We  may  add  that  it  is  especiaUy  on  the  microscopic  examinatiofli  tha^  ^ 
have  relied  for  our  determinations. 

Column  I.  presents  the  characters  of  the  principal  minerals  of  qmoM  f^ 
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composed  of  quartz  gmns,  of  which  some  are  milky,  and  a  good  many 
are  covered  with  hydrate  of  iron.  Associated  with  the  quartz  are 
many  black  particles  of  hornblende,  mica,  magnetite,  and  yellow  and 

—ante- tertiary,  the  second  (II.)  those  o(  recent  rocks — tertiary  and  post-tertiary. 
We  only  mention  those  minerals  which  are  found  in  the  deposits. 

I.  II. 

Quartz — containing  many  liqnid  en-    Qtutrtz — containing     vitreous    enclo- 

closures.  sures. 

Orihodase — without  inclusions  or  rare    Sanidine — many  vitreous  and  gaseous 
liquid    inclusions,    dull    aspect,  inclusions,    aspect   vitreous   and 

and  milky  colour,  crystals  tabu-  brilliant,  structure  zonary,  charac- 

lar  and  thick,  Carlsbsid  twins.  teristic  cracks  independent  of  the 

cleayage ;      cleavage      following 
00  F  00.     Baveno  twins. 
Uicroeline,  Wanting. 

Ploffiocltue — in  general  aspect  dull,    Plagioclaae — (Microtine),  aspect  vitre- 
decoroposed    in    micaceous    sub-  ous,  in  general  decomposition  less 

stance  into  epidote,  in  pinitoide,  advanced  in  the  Microtine  than  in 

in  fibro-radiate  zeolithic  matter,  the  plagioclases  of  ancient  rocks ; 

in  quartz,  in  calcite.  vitreous   and  gaseous  enclosures 

more  frequent  and  better  marked  ; 
enclosures  of  associated  minerals, 
&c. 
/^yroxen<— enstatite,    bronzite,     dial-    Pyroxene — especially   augite,    slightly 
lage  and  augite,  the  latter  very  decomposed ;    numerous    vitreous 

often    decomposed,    transformed  enclosures,  especially  in  the  augites 

into  ouralite.  of  basalts,  zonary. 

AmphiboU — greenish  colour,  often  de-    Amphibole — deep  brownish  tint,  gene- 
composed  into  epidote,  &c.,  asso-  rally   with   crystallographic  con- 
ciated  with  quartz  and  calcite ;  tours  more  marked,  zones  of  dif- 
fibrous  forms,  extremely  irregular            fercnt  colours,  sections  surrounded 
(Hypersthene).                                        with  magnetite,  compact,  numer- 
ous inclusions. 
Muscovite.                                                  Wanting  or  secondary. 
\Vanting.                                                      Trydimite, 
\Vanting.                                                    Leucite, 
Wanting.                                                    Nosean  and  ffauyne. 

ZcolUhes. 
Tourmaline,  Wanting. 

Anaitue,  BtUile,  BrookUe,  Wanting. 

Cordieriie,  Extremely' rare. 

It  is  scarcely  necessary  to  mention  that  all  the  foregoing  refers  only  to 
massive  crystalline  rocks,  and  when  the  minerals  are  in  an  isolated  state  we 
cannot  always  say  whether  they  come  directly  from  these  rocks,  or  from  the 
disintegration  of  sedimentary  layers,  or  from  schisto-crystalline  rocks.  These 
Utter  frequently  occur  in  the  deposits.  In  these  questions  we  have  always 
taken  into  consideration  the  lithological  associations  and  the  geographical 
position  of  the  deposit.  J.  M.  and  A.  R. 
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greenish  coloured  glauconitic  caste  of  Foraminifera.  Moet  of  the 
quartz  particles  are  seen  to  be  of  clastic  origin.  Sections  of  a  pale 
green  mineral  of  a  lamellar  structure  are  biotita.  Some  sections 
have  the  characteristic  cleavage  of  hornblende ;  kaolimsed  feldspar 
is  rare. 

Some  of  the  larger  mineral  particles  making  up  the  annelid  tubes 
are  about  6  mm.  in  diameter,  these  are  pieces  of  quartz,  and  little 
pebbles,  which  last,  by  transmitted  light,  are  seen  to  be  pieces  of 
Cambrian  (?)  sandstone,  composed  of  angular  quartz,  triclinic  feldspar, 
and  mica.  Others  of  these  fragmente  are  diabase,  composed  of 
augite,  triclinic  feldspar,  and  quartz,  others  are  tourmaline  rock,  of 
which  the  base  is  quartz ;  and  finally,  other  pebbles  are  fragments 
of  gneiss  and  amphibolic  gneiss. 

In  the  mud  in  the  sounding-tube  there  was  a  rolled  fragment  of 
gneiss  2  centimetres  in  diameter. 

List  of  the  Animals  taken  at  this  Station. 

Pisces. 
CoUunculus  mierops,  Collett. 


Liparia  liparia. 

L. 

Lycodes  murasna. 

Collett 

,f      pcUlidus. 

»» 

MoteUa  mcurophlhaZma. 

Stur. 

MoUusca. 

ArcapectunculoldeSfTsa,  (sepierUrumalis) 

.  Sc. 

Buccinum  mbrchi. 

Friele. 

,,        hydrophanum^  var. 

Hancock. 

Fusua  turrUua, 

M.  Sars. 

,,     lachesis. 

Morch. 

ff    scMnL 

Gray. 

Mohnia  alba. 

Fr. 

Echinoidea. 

Pourtalma  Jeffrey 8ii, 

Wyv.  Thorn. 

Ophiuroidea. 

Ophioglypha  signata. 

VU. 

Asteroidea. 

Archaster  tenuisptmts. 

Dub.  k  Kor. 

Crustacea. 

BytTiocaris  payeri. 

Heller. 

Hymenodora  gladalis. 

Bacholz. 

IHastylis  josephinsE, 

G.  0.  Sars. 

,,        lojigipes. 

G.  0.  Sara. 

Cyclaspis  longicavdala. 

O.  0.  Sars. 

Boreomysis  inaignis. 

G.  0.  Sais. 

Eurycopc  gigantea. 

G.  0.  Sars. 

,,       ccTunta. 

G.  0  San 

Anonyx  lagena. 

KroTer. 

• 
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Atylus  earinatus. 

Fabr. 

Eusirua  cusptdaius. 

Kroyer 

HaZirages  eUgans. 

n.  sp. 
BoBck. 

Haploojpa  aetosa. 

JEgina  spinoaisrima. 

StimpsoQ. 

SctUpellwn  nymphocola. 

n.  sp. 

Pycnogonida. 

Nymphon  stroemii. 

Kroyer. 

„       grosaipes. 

Fabricios. 

„       mucronyx. 

a.  0.  Sars. 

(kloaatmdeia  proiboacidea. 

Sabine. 

Annelida. 

EwMe  equUia, 

n.  sp. 

Nephthya  Itmgiaetoaa. 

(Erst 

Nothria  hyperhorea. 

Hansen. 

Trophonia, 

n.  sp. 

Thdepua  circincUua, 

Fabr. 

ScUtella  {{ngt). 

Nemertea, 

n.  sp. 

Phcueoloaoma. 

Tomopteria  oniadformia. 

Mednmn. 

*LuceT7uiria  hcUhyphUa^  n.  sp. 

Haeckel. 

Porifera. 

Stylorhiaa  dipUcUa. 

Osc.  Schmidt 

Polyzoa. 

Aleyonidium, 

Alcyonaria. 

Alcyonium. 

(d,)  Soundings,  Dredgings,  and  Trawlings  an  the  Ridge, 

)unding  7.     Lat  59°  58'  N.,  long,  r  22'  W.     27tli  July  1880. 

thy  300  fathoms.     Surface  temperature,  55  0°;  bottom  tempera- 

,  48•0^ 

LUE  Mud,  plastic,  earthy,  with  many  gritty  particles. 

^BBONATE  OF  CALCIUM   11*77   per  Cent.,   consists   of    a  few 

eoliths  and  Coccospheres,  Globigerinas,  Orbulinas,  Pulvinulinas, 

icatulinas,    Uvigerinas,    Miliolas,    <&a,    fragments    of    Echini, 

acodes.  Molluscs. 

ESiDUE  88*23  per  cent,  blue-brown,  consists  of — 

Hnercds  [70*00],  m.  di.  '25  nua,  with  many  much  larger  par- 

8,  many  rounded ;  quartz,  mica,  augite,  hornblende,  magnetite, 

t,  mono-  and  triclinic  feldspar,  fragments  of  sandstone,  mica- 

This  species  is  described  in  Haeckel's  **SyaUm  der  Medtiaen,"  p.  640. 
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schists,  and  other  rocks,  glauconite,  and  many  fragments  of  highly 
altered  rocks  resembling  glauconite. 

SUiceous  organistM  [1  "00] :  one  or  two  Radiolarians  and  fragments 
of  other  siliceous  organisms,  and  a  few  glauconitic  casts. 

Fine  washings  [17*23];  fine  mineral  particles  with  argillaceous 
matter. 

Remarks. — The  carbonate  of  lime  consists  chiefly  of  the  remains  of 
sarface  organisms. 

The  feldspar  is  generally  kaolinised ;  typical  glauconite  is  foand 
in  grains  more  or  less  mammillated  and  furrowed ;  some  are  quite 
green,  while  others  are  reddish  coloured.  Among  the  larger  fragments 
are  pieces  of  feldspathic  sandstone  (6  mm.  in  diameter)  of  granite 
and  fine-grained  mica  schist. 

Sounding  17.  Station  2.  Lat  60°  29'  N.,  long.  8**  19'  K  28th 
July.  Depth,  375  fathoms.  Surface  temperature,  ^Z'(f  \  bottom 
temperature,  3 I'D"*. 

A  small  quantity  of  mud  came  up  in  the  sounding  tube,  of  which 
the  following  is  a  description  : — 

Blue  mud,  plastic,  coherent,  with  many  rather  large  gritty  par- 
ticles— streak  lustrous. 

Carbonate  of  Calcium  14*20  per  cent.,  consists  of  afewCoc- 
coliths,  Globigerinas,  a  few  Miliolinas,  Rotalias,  Nonioninas,  Trunca- 
tulinas,  Ostracode  valves,  and  fragments  of  Echini 

Residue  85*80  per  cent,  brownish,  consists  of — 

Minerals  [70*00],  m.  dl  25  mm.,  with  many  particles  over  1  mm. 
in  diameter — quartz,  mica,  magnetite,  feldspar,  hornblende,  glaa- 
conite,  augite,  fragments  of  ancient  and  recent  volcanic  rocka 

Siliceous  organisms  [2*00] :  one  or  two  Sponge  spicules,  glanconitie 
casts  of  Foraminifera,  few  Diatoms. 

Fine  washings  [13*80] ;  fine  mineral  particles  with  argillaceons 
matter,  and  a  very  few  fragments  of  siliceous  organisms. 

Eemarks, — The  dredge,  with  two  swabs  and  a  bread  beg  in  tbe 
netting,  was  put  over  at  8  p.m.  on  the  28th,  and  hauled  in  at  4  ail 
on  29th  July. 

It  contained  over  a  quart  of  gravel  and  small  stones,  and  aome 
larger  stones — some  of  them  were  covered  with  a  thin  coating  ^^ 
peroxide  of  manganese  on  one  of  their  surfaces,  and  had  did/ 
serpulae  and  polyzoa  attached. 
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The  following  are  the  principal  varieties  of  rocks  dredged : — 

1.  A  fine-grained  reddish  sandstone  (Cambrian  ?)  compact,  with 
lamellae  of  mica.  This  fragment  is  about  12x8x4  inches,  and  had 
polyzoa^  serpulse,  and  rhizopods  attached  to  it.  The  angles  are  more 
or  less  rounded  On  the  upper  surface  there  are  parallel  striae,  which 
may  be  glacial  markings.  The  whole  upper  surface  and  edges  are 
blackened  by  manganese  deposit.  This  fragment  was  only  very 
partially  imbedded  in  the  mud. 

2.  A  rounded  fragment  of  diorite,  fine-grained,  containing  plagio- 
clase,  orthoclase,  hornblende,  and  quartz.  This  fragment  was  also 
blackened  by  manganese  except  the  under  surface,  where  it  evidently 
rested  on  the  mud,  and  is  about  4  inches  in  length. 

3.  A  micaceous  sandstone,  fine-grained ;  the  mica  appears  to  be 
biotite.     This  fragment  is  about  5  inches  long  and  is  angular. 

4.  Mica-schist  with  biotite. 

5.  Altered  mica-schist. 

6.  Gneissic  rock,  with  quartz,  orthoclase,  and  mica. 

7.  Diorite — containing  plagioclases,  amphibole,  and  quartz. 
;    8.  A  fine-grained  limestona 

9.  Compact  crystalline  rock,  containing  hornblende,  quartz,  and 
feldspar  passing  to  diorite. 

10.  Amphibolic  rock. 

11.  Chloritic  rocL 

The  majority  of  these  fragments  were  covered  on  one  of  their 
surfaces  with  a  black  deposit  of  manganese,  and  nearly  all  of  them 
when  lying  on  the  bottom  most  probably  projected  above  the  deposit 
in  which  they  were  placed.  Some  of  them  were  perfectly  rolled  frag- 
ments with  smooth  surfaces,  while  others  were  angular. 

List  of  the  animals  taken  in  the  dredge. 

MoUuflca. 

Fusils  islandicus  (young).  Chemnitz. 

,,     Uichesis.  Morch 

PleuroUnna  declivis,  Loven. 

Ophioroidea. 

Ophiactis  abysaicola.  Ijn. 

OphioscoUx  glacialis,  MiilL  &  Tr 

Asteroidea. 

Orossaster  papposus  (Linck),  yar.  sep-       n.  sp. 
terUrionalis, 
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Porifera. 

Tisiphonia  agariei/ormis.  Wyr.  Thorn. 

JUniera,  sp. 

Holtenia  (?)  (fragment). 

Annelida. 
Serpula,  attached  to  stones. 

Actinia. 
ffcUcampa  davus. 

Hydroida. 

Tubutaria  indivisa, 
Hydroid{t). 

Cephalopoda. 
CephaXopod, 
Polyzoa. 

Lepralia  {Alysidota)  alderi.  Bk. 

,,        granifera,  Johnst. 

„       polUa.  Korman. 

, ,        dtUertrei,  And. 

Alecto  (StonuUopara)  grawulata.  Uincka. 
Diastopora  ohelia. 

Discoporella  hispida.  Hincks. 

Pycnogonida. 
Nymph(m, 

Sounding  28.  Lat  60**  2'  N.,  long.  7**  4'  W.  4th  August  1880. 
Depth,  285  fathoms.  Surface  temperatures,  56*5^.  Bottom  temper- 
ature, 48-0'. 

Blue-bbown  ftuD,  slightly  coherent  with  many  gritty  and  sandy 
particles. 

*  Cabbonate  of  GALcniM  16*29  per  cent,  consists  of  Coccoliths, 
Coccospheres,  Olobigerinas,  Orbulinas,  Truncatulinas,  Miliolintf) 
Pulvinulinas,  Nonioninas,  <fec,  fragments  of  Echini,  Molluscs,  Ostra- 
code  valves. 

Residue  83*71  per  cent,  brownish,  consists  of — 
Minerals  [70*00],  m.  di.  *25  mm.,  with  fragments  over  1  mm.  in 
diameter.     Quartz,  rounded  fragments  of  sandstone  and  other  rocks, 
magnetite,  hornblende,  glauconite,  and  highly  altered  fragments  of 
rocks  resembling  glauconite. 

Siliceous  organisms  [2*00]  :  a  few  Diatoms  and  glauconitic  casU 
Fine  washings  [11*71];  fine  mineral  particles  and  aigillaoeooi 
matter. 

Station  1.     27th  July.     305  fathoms.     Lat  60"*  4'  N.,  loo^  7^ 
37'  W.     Bottom  temperature,  47*F.    Surface  temperature,  54'^' 
A  little  bluish  mud  came  up  in  the  sounding  tube. 
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The  dredge  was  used  without  bag. 

It  came  up  with  about  a  pint  of  rounded  and  angular  stones, — 
sandstone,  gneiss,  mica-schist,  diorite, — ^the  same  as  those  taken  at 
Station  2. 

List  of  the  animals  taken. 

Mollasca. 


Platydia  anamioides. 
Astarte  sulcaUiy  var.  {minor). 

Sc.  and  Ph. 
Da  Costa. 

Ecblnoidea. 

Doroctdaris  papillata. 
Echinus  norvegicus. 

A.  Ag. 
Diib  k  Eor. 

Crustacea. 

Munida  rugosa. 

Fabr. 

Annelida. 

Placostegus  tridentatua. 
SerpuUif  attached  to  stones. 

Fabp. 

Porifera. 

SpongeSj  attached  to  stones. 

Cephalopoda. 
CepJialopod, 

Corals. 

Caryophyllia. 

Polyzoa. 
LeprcUia  ffranifera. 

• 

Concluding  Remarks. 

The  dredgings  and  trawlings  during  the  '*  Knight  Errant's  "  cruise 
have,  according  to  the  above  lists  and  the  supplementary  reports 
which  follow,  given  us  16  new  species  and  one  new  genus. 

The  trawlings  and  dredgings  in  the  warm  area  (stations  4,  5,  6, 
and  7)  yielded  71  species.  The  single  trawling  in  the  cold  area 
(station  8)  yielded  47  species. 

It  is  a  somewhat  remarkable  fact  that  in  these  dredgings  there  are 
only  2  species  common  to  both  areas,  viz.,  Haploops  setosa  and 
Nymplixm  itrosmii  excluding  of  course  the  foraminifera.* 

It  will  be  interesting  to  learn  if  the  same  remarkable  difference  in 
the  fauna  on  either  side  of  the  Wy  ville  Thomson  Ridge  will  be  shown 
by  more  extended  dredgings  and  trawlings  during  the  present  season 
in  H.M.S.  "  Triton." 

The  dredgings  on  the  ridge  did  not  yield  many  animals,  and  these 
resemble  rather  those  of  the  warm,  than  of  the  cold  area. 
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The  animals  captured  at  the  stations  surrounding  North  Rona  all 
belong  to  known  British  species. 

What  is  the  legitimate  limit  of  the  "  British  fauna  "I  Are  the 
FarcB  Channel  animals  to  be  included  in  it )  These  are  questiooB 
which  have  been  often  asked,  and,  although  they  appear  to  as 
unimportant,  yet  are  not  without  interest. 

When  we  regarded  the  marine  fauna  as  having  a  depth  limit,  the 
question  answered  itself — the  British  fauna  ended  doubtless  with  the 
existence  of  the  fauna.  Now,  since  we  know  that  the  marine  fauna 
has  no  depth  limit,  we  must,  if  we  wish  a  limit,  fix  an  artificial 
one. 

Temperature  is  the  most  important  factor  in  the  distribution  uf 
marine  species.  The  mean  annual  temperature  of  the  ocean  and  of 
the  shallow  water  around  coast-lines  varies  from  about  29^  Fahr.  in 
the  polar  regions  to  about  75"  Fahr.  under  the  equator.  This  great 
inequality  of  temperature  is  the  limiting  cause  of  the  distribution  of 
marine  species,  both  at  the  surface  of  the  sea  and  in  shallow  water. 

Pelagic  species  have  a  marked  and  limited  distribution  depending 
on  temperature, — quite  as  much  as  species  inhabiting  the  shore 
waters, — and  this  distribution  can  be  traced  on  the  bottom  of  the 
ocean  in  many  instances. 

By  an  examination  of  an  oceanic  deposit,  it  is  possible  to  tell 
approximately  its  latitude  from  the  character  of  the  dead  shellfi  of 
surface  organisms  found  in  it.  The  depth  from  which  the  deposit 
came,  and  also  its  longitude,  can  in  many  instances  be  approximately 
determined  by  careful  microscopic  examination  of  the  fragments, 
organic  and  inorganic,  of  which  it  is  composed.  While  the  sni^ 
of  the  ocean,  like  the  surface  of  the  land,  has  its  climates,  it  is  qtat» 
otherwise  with  the  deep  sea. 

The  mean  temperature  of  the  bottom  of  the  ocean  is  about  35 
Fahr.,  so  that  an  enormous  expanse  of  the  sea-bottom,  covering  neidy 
three-fourths'  of  the  surface  of  the  earth,  is  under  drcumstanees 
where  there  is  no  bar  to  general  diffusion,  and  the  result  is  that  this 
vast  area,  with  a  temperature  say  under  40^  Fahr.,  admitting  of  6^ 
migration,  is  inhabited  by  a  fauna  whose  most  marked  charscteriftK 
is  extreme  uniformity. 

The  temperature  of  35"*  Fahr.  rises  in  the  polar  regioos  towin^ 
the  surface,  and  we  should  expect  therefore  that  the  shore  sad  dstp* 
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sea  faunas  would  meet  in  these  regions  in  comparatively  shallow 
water. 

Our  deep-sea  investigations  give  many  examples  which  tend  to 
corroborate  this  view. 

In  the  Faroe  Channel  we  have  a  mixture  of  abyssal,  arctic,  and 
modified  British  forms.  Further  investigations  may  show  that  a 
temperature  limit  can  be  drawn  within  which  the  British  fauna 
should  be  restricted,  but  it  is  at  the  same  time  evident  that  this 
fauna  is  continuous,  on  the  one  hand,  with  the  abyssal,  and,  on  the 
other,  with  the  arctic  fauna  in  the  Faroe  Channel. 

We  desire  to  acknowledge  our  indebtedness  to  the  many  scientific 
men  who  have  supplied  us  with  information  and  furnished  us  with 
reports. 

In  the  work  of  the  exploration  we  were  throughout  assisted  by 
Lieut.  Hammond,  RN. 

In  the  practical  zoological  work  we  received  much  assistance  from 
Mr.  Frederick  Pearcey  and  Mr.  James  Chumley,  assistants  on  the 
staff  of  the  "  Challenger  "  Expedition  Commission. 

John  Mubray. 
Thos.  H.  Tizakd. 

"  Challenoer  "  Office,  32  Queen  Stbeet, 
Edinburgh,  May  1882. 

Report  on  the  Fishes.     By  Dr.  A.  Giinther,  F.RS. 

This  Report  was  received  by  the  late  Sir  C.  Wyville  Thomson  in 

November  1880. 

The  bathybial  fish-fauna  which  surrounds  the  British  Islands  was 
hitherto  almost  unknown.  Besides  the  stray  specimens  which  now 
and  then  were  found  thrown  ashore  or  floating  on  the  surface,  no 
further  evidence  of  the  existence  of  this  fauna  was  obtained,  excepit 
on  two  occasions,  viz.,  on  a  dredging  excursion  of  Dr.  Gwyn  Jeffreys 
in  1867,  from  a  depth  of  from  80  to  90  fathoms;*  and  during  the 
cruise  of  H.M.S.  "  Porcupine"  in  1869,  from  a  depth  of  from  200  to 
500  fathoms.! 

Neither  of  these  two  contributions  can  compare  as  regards  interest 

•  See  Ann,  and  Mag.  Nat.  Hist.,  1867,  vol.  xx.  p.  287. 
t  Ihid.,  1874,  xiii.  p.  188. 
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and  nomber  of  specimens  with  the  series  obtained  daring  the  cruise 
of  the  "  Knight  Errant " ;  and  it  would  seem  as  if  now  only  the  rich 
spoil,  which  I  ventared  to  indicate  in  1867  as  likely  to  result  from  an 
exploration  of  the  deep  sea  round  the  British  Islands,  were  being 
gathered.     Six  out  of  the  ten  species  obtained  are  new  to  the  British 
fauna,  and,  of  course,  represent  but  a  small  fraction  of  the  actual 
number  of  British  deep-sea  fishes.     Much,  therefore,  remains  to  be 
done.     The  laws  which  govern  the  bathymetrical  distribution  of 
fishes  are  still  obscure ;  and  it  is  evident  that  a  series  of  continued 
STstematic  observations,  such  as  can  be  made  in  a  limited  oceanic 
district,  like  that  round  the  British   Islands,  whose  hydrographic 
conditions,  with  its  surface  and  coast  fauna,  are  so  well  known,  is  most 
likely  to  reveal  the  chain  of  facts  which  cannot  be  recognised  in 
disjointed  observations  made  at  distant  localities.  Besides,  there  are 
not  a  few  obscure  points  in  the  life  history  of  our  food-fishes  which 
may  well  be  expected  to  be  cleared  up  by  the  deep-sea  dredge ;  such 
are  the  unaccountable  disappearance  from  certain  parts  of  the  coast  of 
fishes  like  the  haddock,  and  the  change  of  habitat  of  many  fishes  accord- 
ing to  the  season,  a  change  which  evidently  much  more  frequently 
takes  place  in  a  vertical  than  in  a  horizontal  direction.     It  is 
therefore  to  be  hoped  that  the  present  successful  expedition  will  be 
followed  by  equally  well  conducted  efforts. 

The  collection  submitted  to  my  examination   contains  a  mnch 
greater  proportion  of  arctic  forms  than  of  southern,  and  in  this 
respect  differs  entirely  from  that  made  by  Mr.  Gwyn  Jeffreys  at  a 
less  deptL     The  only  southern  form  is  HcUoporphyrus  Upidion  which 
we  knew  previously  from  the   Mediterranean,  Japan,  and  Sooth 
Atlantic.     Singularly,  again,  no  trace  of  a  Trackypterus  or  JUfftdeeui 
was  obtained ;  and  we  can  account  for  their  absence  only  by  the 
supposition  that  it  is  difiicult  to  enclose  these  long  snake-like  fiahes 
in  the  dredge,  and  that  young  specimens,  from  their  extreme  delicacj 
of  structure,  are  probably  torn  into  fragments  and  lost  long  before 
the  net  reaches  the  surface.     Some  of  the  species  had  been  previooalj 
obtained  by  the  Scandinavian  expeditions  in  similar  latitades  towaid* 
the  east.      As  all  the  species  will  be  fully  referred  to  or  described  id 
my  report  on  "  Challenger  "  deep  sea  fishes,  only  a  few  notes  on  theD 
are  appended  hera 

1.  Chitnara  monstrosa,  L. — A  young  speeifflen  was  obtained  *t,t 
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depth  of  555  fathoms ;  therefore,  this  fish  will  have  to  be  admitted 
in  the  fauna  of  the  deep  sea.  Its  horizontal  distribation  indudea 
the  northern  and  southern  coasts  of  Europe,  Japan,  and  the  Cape  of 
Good  Hope.* 

2.  CoUus  thomsonii,  sp.  n. — Hitherto  one  species  only  of  this 
littoral  genus  was  known  from  the  deep  sea,  viz.,  Cothu  hathybiMS^ 
which  was  dredged  on  the  ''  Challenger  "  expedition  near  Japan  in  a 
depth  of  565  fathoms.  The  single  specimen  before  us  was  obtained 
in  555  fathoms  (Station  4),  and  is  7  inches  long.  It  may  be  shortly 
characterised  thus : — 

The  prseopercular  spines,  like  the  remainder  of  the  armature  of  the 
head,  are  short  pointed  tubercles  covered  by  the  skin.  Four  similar 
spines  are  placed  in  a  quadrangle  on  the  crown  of  the  head,  the 
quadrangle  being  much  longer  than  broad.  Eyes  large,  as  long  as 
the  snout,  their  longitudinal  diameter  exceeding  the  width  of  the 
interorbital  space.  Vomerine  teeth  in  two  oblique  bands  separated 
in  the  middle ;  palatine  teeth  none.  The  first  dorsal  fin  enveloped 
in  skin,  continuous  with  the  second.  Ventrals  rather  short,  terminat- 
ing at  a  considerable  distance  from  the  vent  Skin  with  scattered 
minute  granules.    Colourless  (in  spirits).    D.  ^,  A.  13,  P.  22,  V.  2. 

3.  Cottunculua  microps,  Collett. — This  singularly  shaped  Cottoid  is 
quite  a  recent  discovery,  a  single  very  young  specimen  having  been 
obtained  by  the  Scandinavian  explorers  and  described  by  Mr.  Collett. 
Adult  examples,  up  to  12  inches  long,  in  a  perfect  state  of  preserva- 
tion, are  in  the  collection.     Station  8,  540  fathoms. 

4.  Liparis  liparis,  L. — New  to  the  deep-sea  fauna.  Station  8, 
540  fathoms. 

5.  Lycodes  murama,  Collett,  and  6.  Li/codes  pallidus^  Collett^- 
both  new  to  the  British  fauna,  and  only  recently  described.  Station  8, 
540  fathoms. 

7.  Hdloporphyrus  lepidion,  Risso. — Specimens  of  this  fish,  which 
was  originally  known  from  Madeira  and  the  Mediterranean,  and  met 

♦  This  specimen  was  2  feet  in  length  (caudal  filament  included).  When 
taken  from  the  trawl  the  pectoral  and  dorsal  fins  were  covered  with  a  green 
sheen  on  a  velvety  black  ground,  the  sheen  being  more  pronounced  at  the 
base  of  the  fins  than  towards  the  tips.  The  back,  tail,  and  head  were  light 
brown.  The  belly  and  long  whip-like  portion  of  the  tail  were  white.  There 
was  a  bluish  colour  about  the  mouth  and  gills.  The  eye  had  a  beantifol  golden 
appearance.     A  green  sheen  surrounded  the  pupil.  J^  M, 
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with  by  the  ''  Challenger  "  in  the  Japanese  Sea  and  South  Atlantic 
at  depths  of  345  and  600  fathoms,  seem  to  be  quite  common  in  the 
BritiBh  district,  having  been  obtained  at  Station  4  in  555  fathoms, 
and  at  Station  6  in  530  fathoms. 

8.  Brosmius  brosme,  MiilL — A  large  example  in  530  fathoms  (11th 
August  1880) ;  new  to  the  deep-sea  fauna. 

9.  Motdla  macropkthcUmay  Stur. — Previously  known  from  a  depth 
of  80  fathoms ;  the  specimens  obtained  on  this  occasion  come  from  a 
depth  of  540  fathoms ;  Station  8. 

10.  Macrurus,  sp.  n.  (?). — Two  young  specimens  from  Station  4, 
555  fathoms,  which  have  lost  the  greater  part  of  their  scales,  approach 
closely  M,  trachyrhynckus,  and  may  possibly  represent  only  the 
young  state  of  this  species.  Their  snout  is  conspicuously  shorter 
than  in  a  large  specimen  of  the  true  M.  trachyrhynchus^  from  the 
Mediterranean,  but  as  this  may  be  due  to  age,  I  hesitate  to  give  an 
opinion,  until  I  have  had  an  opportunity  of  examining  smaller 
specimens  from  the  Mediterranean.     New  to  the  British  fauna. 


Report  on  the  Mollusca.     By  Dr.  Gwyn  Jeffreys,  F.RS. 

This  Report  was  received  by  the  late  Sir  C.  Wy  ville  Thomson 

in  November  1880. 

Station  1 ;  305  fathoms. 

Flatydia  aTwrntaides,  Scacchi  and  PhilippL 
Astarte  stUcata,  Da  Costa ;  var.  minor. 

Station  2  ;  375  fathoms. 

Fusus  islandicus,  Chemnitz  (young). 
F.  lackesis,  Morch. 

Tritonium  terebrale,  M.   Sars  (MS.) ;  not  F,  t^rebralis, 
Gould,  which  is  F,  spitzberyeruu  of  Reeva 
Fleurotoma  dedivis^  Lov^u. 

Station  3  ;  53  fathoms. 

Circe  minima,  Montagu. 
Venus  fasciatay  Da  Costa. 
Tapes  virgineus,  Linn^  (young). 
Tellina  crassa,  Gmelin. 
Psammobia  costtdata^  Turton. 
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Mactra  solida,  L. ;  var.  ellipHca, 
Saxicava  rvgosa^  L. ;  var.  arcUccL 
Evlima  politcLy  L. 

NaHca  moniacuti^  {mofUagui)  Forbes. 
Aporrhdia  pe8-pelecan%  L. 

Sounding ;  38  fathoms. 

Venus  fascicUa,  Da  Costa. 

Station  5  ;  515  fathoms. 

Fu9U8  sard^  Jeffreys ;  (young). 
F,  togatus,  MorcL 
F,  mcebii^  Dunker  and  Metzger. 

KB. — F.  ebur  of  Morch  was  admitted  by  him  to 
be  only  a  worn  specimen  of  a  variety  of  F. 
propinqutu,  Alder. 

Station  6 ;  530  fathoma 

Amusdum  hoskynsiy  Forbes. 

Pecten  imbrifer,  Lov. 

P.  mammiUcUus^  M.  Sars. 
Aporrhaia  serreaianusy  Michaud. 
Fu9U8  fenestraiWf  Turton. 

Bttccinum  fusiforme^  Broderip. 
F,  bemiciensia,  King,  var.  eUgans. 

F.  islandicuSf  Lov.;  not  of  Chemnitz. 

Station  7 ;  530  fathoms. 
Area  pectuncidcndesy  Sc. 

A.  raridentaia,  S.  V.  Wood. 
Leda  lucida,  Lov. 
L.  frigidoy  Torell. 
Nucvla  iumidtda,  Malm. 

iV.  pumUa  (Lov.),  Asbjomsen. 
N,  corbtUoides,  Seguenza. 
Cardium  minimum^  Ph. 
Neara  striata,  Jeffreys. 
N.  obesa,  Lov. 

Hela  tenelldy  Jeffreys ;  young. 
Natica  montacuti,  Forbes ;  young. 
Aporrhms  serresianus,  Michaud ;  young* 
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Cerithium  nutula,  Lov. 
CclumbeUa  costtUatOf  Cantraine. 
C.  halisBetij  Jeffreys. 
BacL  Synonym, 
Cyltchna  alba^  Brown. 
C,  ovata^  Jeffrey& 

Station  8 ;  540  fathoms. 

Area  pectunciUdides,  Sc. ;  var.  septentrionalis. 
Buccinum  hydrophanum^  Hancock ;  var. 
B.  morchiy  Friele. 
Ftutu  turrittUy  M.  Sars. 

•    Not  F,  propinquWy  Alder ;  var. 
F.  laehesisy  Morch. 
F.  sdbini^  Gray. 

F,  stimpsonij  MorcL 
Mohnia  alba,  Friele. 

I  snbjoin  a  list  of  what  I  consider  the  northern  species  of  Buccinum. 
For  their  sjmonyms  see  the  **  Annals  and  Magazine  of  Nataral 
History  for  December  1880  "  :— 

1.  Bv/ixinum  glaciaUy  Linn^ 

2.  B,  undatum,  L. 

3.  B.  yrcenlandicumy  Chemnitz. 

This  is  closely  allied  to  B.  undatum;  and  both  may  be  one  and 
the  same  species. 

4.  B,  hydrophanunif  Hancock. 

5.  B,  kumpkreysianutn,  Bennett. 

Not  B.  kumpkreysianutn  of  Moller,  Lov^n,  Middendorff,  M.  Sars, 
Danielssen,  or  Malm. 

6.  B.  toUeniy  Stimpson. 

7.  B,  ienue,  Gray, 

8.  B.  cUtcUumy  Fabricius. 
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Report  on  the  Cbustaoea.     By  the  Rev.  A.  M.  Norman,  Bammoor 

Rectory,  Fence  Houses,  Co.  Dnrham. 

This  Report  tras  received  by  the  late  Sir  C.  Wy  ville  Thomaon 

in  November  1880. 

Mr.  Norman  says : — "  I  send  a  list ;  it  is  a  veiy  interesting  one. 
No.  8  was  a  grand  haul,  the  best  I  have  ever  examined  from  the 
North  Atlantic  It  leads  off  with  a  species  (Bythocaris  Fayeri,  Heller) 
discovered  by  the  German  Arctic  Expedition.  The  second  (Hymeno- 
dora  gldcicdis^  Bucholz)  was  discovered  in  the  Austrian  Arctic 
Expedition,  and  there  follow  several  of  the  species  of  the  Norwegian 
Expeditions.  You  will  see  that  there  are  three  or  four  things  which 
I  take  to  be  new;  one  of  these,  the  NepliropsU,  is  not  unlike 
Nephropa  norvegicus^  but  the  arms  quite  different,  not  angled,  and 
hairy,  and  the  eye  rudimentary. 

Station  1. 

Munida  rugosa,  Fabr. 

Station  3. 

Stenarkynchus  longirostriiy  Fabr. 

Ilyas  coarctatus,  Leach. 

Ebalia  tuberosa,  Pennant. 

Munida  rugosa^  Fabr. 

Ligia  oceanica  (this  must  have  been  from  Shore). 

Eurydice  truncata,  Norman. 

SccUpellum  vtUgarCf  Leach. 

Station  4. 

Munida  tenuimana^  G.  0.  Sars. 
Nephropds  atlaniica^  n.  sp. 

Station  5. 

Dorhynchus  thomsoni,  Norman. 

Amathia  carpenteri,  Norman. 

Munida  tenuimana^  G.  O.  Sars 

Two  or  three  Amphipods  (small)  to  be  examined. 

Station  6. 

Qeryon  tridena,  Kroyer. 
Munida  tenuimana,  G.  0.  Sars. 
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Station  7. 

Amathia  carpenterif  NormaD. 

Munida  tenuimana,  O.  O.  Sara. 

Eurydice  pdydendrica^  Norman  and  Stebbing  (MS.). 

Haploopa  setosa^  Boeck. 

Ampelisca  campada,  n.  sp. 

One  or  two  more  Amphipods  to  be  examined. 

Station  8. 

Bythoearia  payeriy  Heller. 
Hymenodora  ylctcialis,  Bucholz. 
Boreomysis  ifuignis^  G.  O.  Sars. 
Dioitylis  JosephincB,  G.  O.  Sars. 

,y        lofigipesy  G.  O.  Sars. 
Cydaspis  loTigicatulata,  G.  O.  Sara 
Eurycope  gigawtecLy  G.  O.  Sars. 

„        comuta^  G.  O.  Sars. 
Anonyx  lagena^  Eroyer. 
Atylut  carincUWy  Fabricius. 
Ettsirtu  cutpidatusy  Kroyer. 
Halirages  elegatUy  n.  sp. 
Haploops  sdomy  Boeck. 
JSgina  gpinosissimOy  Stimpson. 


Nephropsis  aUarUioay  Norman,  n.  sp. 

Carapace  finely  granulated  and  pubescent  all  over,  with  stroo^ 
marked  transverse  lines ;  rostrum  rather  longer  than  the  peduncle  of 
the  upper  antennae,  its  extremity  acute,  its  sides  bearing  two  pairs  of 
strong  spines ;  a  third  pair  of  spines  is  situated  at  its  base,  and  i 
fourth  pair  on  the  front  of  the  carapace  over  the  insertion  of  the 
exterior  antennae.  The  spines  just  described  are  the  largest,  but  tben 
are  also  on  the  central  portion  of  the  carapace  two  rows  of  aboat  six 
spines  each,  of  which  the  foremost  is  the  largest,  while  the  others  art 
very  small,  these  rows  pass  backward  from  the  central  portion  of  tke 
base  of  the  rostrum ;  there  is  another  and  strong  spine  on  a  lint  witt 
and  behind  the  spine  which  is  situated  on  each  aide  of  the  base  of  tk 
rostrum. 


o/Ediriburgh,  Session  1881-82.  685 

Pleon  having  the  segments  furnished  with  a  slight  central  keel 
dorsally ;  the  epimera  of  the  first  segment  not  produced  downwards, 
those  of  the  four  following  segments,  greatly  produced  downwards 
triangularly,  and  gradually  attenuating,  end  in  sharp  spine-like 
points,  the  anterior  margins  of  the  epimera  of  the  second  segment 
f arnished  with  a  single  acute  anteally  directed  spine ;  epimera  of 
the  sixth  segment  with  two  small  spine-like  points,  one  directed 
downwards,  the  other  backwards  over  the  insertion  of  the  outer 
uropods;  telson  quadrate,  the  extremity  truncated,  bearing  two 
divergent  ridges  which  terminate  at  the  distant  comers  in  spine-like 
points ;  uropods  gently  rounded  at  their  extremities,  each  with  two 
raised  ridges,  one  central,  the  other  running  along  the  outer  margin 
and  terminating  in  strong  spines ;  there  is  also  a  spine  on  the  upper 
surface  of  the  basal  joint. 

Eyes  minute,  and  apparently  devoid  of  lenses,  of  a  pink  colour, 
lying  close  together  and  touching  each  other,  being  situated  directly 
under  the  rostrum,  by  which  they  are  entirely  concealed,  and  resting 
on  the  upper  antennae. 

Upper  antennse,  which  are  furnished  with  two  flagella  as  in  allied 
genera,  have  the  first  and  third  joint  subequal  in  length,  and  the 
middle  joint  about  half  their  length ;  the  flagella  are  about  half  as 
long  again  as  the  peduncle. 

Lower  antennae  are,  in  the  specimen  procured,  imperfect,  but 
the  peduncle  is  short,  equal  in  length  to  that  of  the  upper  antennae ; 
green  gland  with  a  conspicuous  opening  on  the  under  side  of  the 
basal  joint 

Chelipeds  densely  setose ;  with  rounded  joints,  which  present  no 
appearance  of  angularity ;  the  meros,  which  is  the  largest  joint,  does 
not  quite  reach  the  extremity  of  the  rostrum ;  it  bears  a  single  spine 
at  the  extremity  of  the  upper  and  outer  margin,  and  another  on  the 
tinder  surface ;  carpus  furnished  with  three  spines  on  the  inner  and 
one  on  the  outer  margin,  and  one  on  the  under  surface ;  hand 
unarmed,  elongate,  ovate,  finger  and  thumb  acute,  with  crenated 
inner  margin,  their  tips  crossing  when  closed. 

The  two  following  pairs  of  feet  chelate,  their  coxae  furnished  on  the 
inner  margin  with  large  lobes,  that  of  the  third  pair  having  a  hook- 
ahaped  process  on  the  outer  side  of  the  extremity  of  this  lobe. 

First  pair  of  pleopods  elongate,  spatulate,  porrected  between  the 
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bases  of  the  pereiopods,  adpressed  closely  to  the  body,  and  reaching 
the  cozse  of  the  third  pair. 
Length  3^  inches.    Length  of  chelipeds  rather  more  than  2  inches. 

<< Knight  Errant"  Aagust  10,  1880.     Station  4 ;  in  555  fadioma. 

Mr.  Wood  Mason  (Journal  Agiatic  Society  of  Bengal,  vol  ziii 
1873  ;  and  Ann.  Nat,  Hist,  ser.  4,  vol.  zu.  1873,  p.  59),  established 
the  genus  Nephropsis  in  1873  for  the  reception  of  a  small  lobete^ 
like  crustacean  which  he  procured  in  260-300  fathoms  off  Boss 
Island,  on  the  coast  of  the  Andamans.     The  genus  approaches  very 
closely  to  Nephrops,  but  differs  from  it  in  the  absence  of  the  antennal 
scale  of  the  lower  antennae.     In  1880  Mr  Spence  Bate  procured  a 
second  species,  Nephropna  comubienns,  off  the  Cornish  Coast  (Report 
Brit,  Assoc  ^  1880,  p.  160),  and  mentioned  that  he  had  in  his  hands 
a  third  species  taken  during  the  '*  Challenger  "  Expedition  in  700 
fathoms,  south  of  New  Guinea,  and  a  fourth,  procured  also  by  the 
*'  Challenger  "  in  800  fathoms  off  Bermuda,  and  remarked  that  "  the 
resemblance  of  all  four  species  is  very  close,  and  the  distinction  of 
one  from  the  other  is  dependent  chiefly  upon  the  modified  forms  of 
more  or  less  important  parts. '*     In  the  same  year  Professor  A.  Milne 
Edwards     described    (Ann,    des    Sci,    Natur.y   vi    9)    Nephropns 
Agassizii  from  1500  meters,  coast  of  Florida,  but  this  description  I 
have  not  seen ;  and  almost  at  the  same  time  Mr.  S.  L  Smith  charac- 
terised (Proc.  National  Museum^  Washington^  voL  iiL  p.  431)  y^ 
another  form,  Nephropsis  acvleaius^  which  was  taken  off  the  coast  of 
the  United  States  in  100-126  fathoms.     The  foregoing  descriptioD 
of  N.  cUlantica  was  drawn  up  in  November  1880,  and  the  ^'Kni^t 
Errant  **  specimen  was  at  the  same  time  returned  to  Sir  Wyville 
Thomson,  and  I  have  not  since  seen  it.     Comparing  the  descriptioo 
with  that  subsequently  published  by  Mr.  Smith,  there  is  the  strongett 
suspicion  that  they  are  the  same  species ;  but  all  the  forms  seem  to 
be  very  closely  allied,  if  indeed  distinct     Mr.  Smith  describes  tbe 
carapace  of  N,   aculeatus  as   ''showing  no  difference  whateTsr 
from  N.  stewarlii  except  in  having  rather  a  longer  roatrom.    Nov 
the  spiny  armature  of  N.  atlantica  is  certainly  different  from  that 
assigned  to  N.  stewartii,  and  therefore  I  do  not  feel  justified  io 
assigning  the  ''  Knight  Errant "  specimen  to  N.  acuUaius,  thoqgb  i^ 
the  same  time  I  very  unwillingly  give  it  a  name. 
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Boreomysis  nohilis^  G.  O.  Sara. 

Boreomysis  nobilis,  G.  O.  Sara,  "  Crustacea  et  Pycnogonida  Nova 
in  itinere  2do  et  3tio  Expeditionis  Norvegicse  anno  1877  et  1878 
coUecta,"  Archiv.  for  Mathematik  og  Naturvidenskah^  1880,  p.  428. 

Animal  more  or  less  mottled  and  suffused  with  red,  younger 
specimens  are  paler  in  colour,  but  apparently  the  tebon  is  always 
red.  Rostrum  horizontal,  very  acute,  nearly  as  long  as  the  eye  when 
porrected.  Antero-lateral  comer  of  carapace  produced  into  a 
triangular  process  projecting  over  the  base  of  the  inferior  antennae ; 
hinder  margin  of  carapace  excavated  in  the  centre,  and  there  exposing 
the  last  segment  of  the  pereion.  Eyes  rather  flattened,  broad,  reach- 
ing slightly  beyond  the  side  of  the  carapace,  having  a  small  tubercle 
on  the  inner  side  of  the  peduncle  and  just  below  the  well-developed 
dark-coloured  eye  itself.  Upper  antennae  having  the  second  joint  of 
the  peduncle  short,  not  half  the  length  of  the  third,  and  not  so 
patelliform  as  is  usual  in  this  genus.  The  lower  antennae  have  the 
scale  much  elongated,  narrow,  and  gradually  tapering,  twice  the  length 
of  the  peduncle  of  the  upper  antennae,  its  outer  margin  plain  with  a 
small  spine  at  the  apex ;  the  apex  slopes  at  once  towards  the  inner 
margin  and  together  with  that  margin  is  setose.  Telson  long,  but 
not  quite  reaching  the  end  of  the  inner  uropods,  which  show  no  trace 
of  an  acoustic  organ,  and  much  shorter  than  the  outer,  excavated 
above,  and  cleft  to  about  one-fifth  of  its  length,  its  sides  unarmed  for 
half  their  length,  but  their  distal  half  set  with  numerous  (about  30) 
slender,  closely-arranged,  subcqual  spines,  the  cleft  portion  of  the 
telson  closely  denticulated.     Length  about  65  millemetres. 

Several  specimens  taken  at  Station  8,  in  540  fathoms. 

The  above  description  was  drawn  up  in  1880,  when  the  specimens 
came  into  my  hands.  On  comparison  with  the  description  published 
shortly  afterwards  by  my  friend  Professor  Sara,  there  can  be  no  doubt 
of  the  identity  of  the  ^'  Knight  Errant  ^  example  with  the  single  male 
which  was  dredged  by  the  Norwegian  Expedition  in  1878  in  459 
fathoms,  79°  0'  59"  N.  lat.,  S**  40'  E.  long.  I  may  add  to  my  original 
description  that  the  tareus  of  the  legs  is  composed  of  three  articula- 
tions, as  in  the  type  specimen  of  Sars. 
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Ampelisca  compacta,  Norman,  n.  sp. 

Pleon  not  keeled,  a  very  slight  depression  across  the  middle  of  the 
fifth  segment,  hind  margin  of  that  segment  with  a  spine-like  point, 
but  not  largely  developed  nor  upturned.  Upper  antennse  exceeding 
the  length  of  the  peduncle  of  the  lower  by  about  a  length  equal  to  the 
last  joint  of  that  peduncle,  flagellum  consisting  of  ten  articulations ; 
lower  antennae  much  longer  than  the  upper,  and  having  the  two  last 
joints  of  the  peduncle  subequal  to  each  other.  Eyes  apparently 
altogether  absent.  First  two  pairs  of  pereiopods  with  the  last  joint 
about  equal  to  the  two  preceding  combined.  The  last  pereiopods 
have  the  basos  with  the  posterior  lobe  well  developed  reaching  to  the 
end  of  the  ischium,  the  lower  margin  truncate  and  slightly  concave ; 
ischium  equal  in  length  to  the  two  following  joints  combined,  meros 
short,  carpus  rather  longer,  manus  not  quite  equal  to  the  two 
preceding  joints  combined,  dactylus  half  the  length  of  manus ;  the 
lower  joints  are  all  flattened  but  simple  (not  produced  downwards  as 
in  A.  Uemgata).  First  two  pairs  of  uropods  of  the  same  length, 
subequal  in  length  to  the  deeply  xsleft  telson,  and  reaching  to  about 
one-fourth  the  length  of  the  sparingly-ciliated  branches  of  the  last 
uropods ;  the  outer  margin  of  the  outer  branch  of  the  second  uropods 
bears  two  spines,  and  under  a  high  power  of  the  microscope  is  seen 
to  be  minutely  crenulated.  The  entire  animal  has  a  rounded  compact 
appearance,  and  is  about  8  millemetres  long. 

A  single  specimen.     Station  7 ;  530  fathoms. 

Hcdirages  degans,  Norman,  n.  sp. 

Pereion  and  pleon  not  carinated,  two  last  segments  of  the  former 
and  two  first  of  the  latter  bearing  a  single  central  dorsal  spine-like 
process,  which  is  small  on  the  first  of  these  segments  (and  sometimes 
absent),  but  increases  in  size  on  each  of  the  succeeding  segments; 
fourth  segment  of  pleon  with  a  deep  transverse  sulcus.  Lower  and 
front  angles  of  the  head  produced  into  an  acute  spine-like  process; 
epimera  of  first  and  second  pereion  segments  with  serrated  margios, 
the  first  also  produced  forwards  into  a  sharp  angle,  rounded  behind, 
the  second  rounded  before  and  behind.  Lower  margin  of  the  pleoo 
segments  not  serrated,  bearing  rows  of  rather  distant  fleta4ike  spiotf 
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a  little  within  the  borders,  the  second  and  third  segments  angled  at 
the  hinder  comer,  and  the  third  also  produced  into  a  small  spine- 
formed  point,  and  the  posterior  margin  not  waved  but  finely  crenated. 
Antenna  of  both  pairs  very  long,  the  upper  pair  as  long  as  the  entire 
animal,  peduncles  of  both  pairs  remarkably  round  and  smooth, 
peduncle  of  the  upper  pair  reaching  nearly  to  the  end  of  the  penulti- 
mate joint  of  that  of  the  lower ;  the  first  joint  large,  round,  and 
smooth,  with  two  distal  spines  on  the  lower  side ;  the  second  joint 
nearly  as  long  as,  but  only  half  the  thickness  of,  the  first ;  the  third  very 
small  Peduncle  of  the  lower  antennse  having  the  two  distal  joints 
subequal  in  length.  All  the  legs  slenderly  built,  the  two  gnathopods 
small  and  slender,  the  hand  shorter  than  the  wrist,  subquadrate, 
slightly  widening  from  the  base  to  the  palm,  which  is  only  slightly 
oblique.  Last  uropods  of  great  length,  more  than  equal  the  combined 
length  of  the  three  posterior  segments  of  the  pleon,  the  peduncle  not 
quite  reaching  to  the  end  of  the  telson,  rounded,  smooth,  with  two 
distal  spines  above,  branches  narrow,  round,  smooth,  margined  with 
spinules,  and  about  twice  as  long  as  the  peduncle.  Telson  lanceolate, 
hollowed  above,  quite  smooth,  and  not  furnished  with  any  spines, 
apex  tridentate,  the  centre  tooth  large,  the  laterals  small,  the 
tridentate  apex  is  formed  by  the  telson  itself  (not  by  articulated 
spines). 

Length  1  inch.     Station  8,  540  fathoms. 

This  species  comes  very  near  to  Halirages  quadridentatus,  G.  O. 
Sars,*  but  differs  from  his  description  in  the  form  of  the  epimera  of 
the  first  segment  of  pereion,  and  in  the  third  segment  of  pleon.  Sars 
does  not  describe  the  telson,  which  is  very  characteristia 


Report  on  the  Pycnogonida.     By  Dr.  P.  P.  C.  Hoek. 

From  Station  3  there  is  one  male  Pycnogonum  littorale^  Strom, 
spec. 

From  Station  5  two  specimens  of  Nymphon  stroemii,  Krdyer. 

From  Station  7  two  specimens  of  the  same  species,  and  still  ten 
other  individuals  were  dredged  at  Station  8. 

•  "  Prodromus  descriptionis  Oustaceoram  et  Pycnogonidarum,  qu®  in 
expeditione  Norvegica,  anno  1876,  observavit  G.  0.  Sara,"  Archiv.  for  McUhe- 
matik  og  Hahtrvidenskab,  1876,  p.  357. 
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The  species,  an  extremely  large  quantity  of  which  was  obtained  at 
Station  8,  is  the  Nymphon  robustum,  Bell,  the  very  eamey  of  which 
Professor  Wyville  Thomson  published  a  highly  characterbUc  drawing 
in  his  Depths  of  the  Sea,  under  the  name  of  If,  (xbyssorum^  A.  M. 
Norman. 

« 

I  got  large  quantities  of  the  same  species  from  different  dredging 
stations  in  the  Barents  Sea ;  in  general  the  specimens  from  this 
locality  are  larger  and  stouter  than  those  from  the  "  Knight  Errant'' 
The  same  remark  may  be  made  with  regard  to  the  specimens  of  N. 
Hroemii,  dredged  during  the  cruise  of  the  *'  Knight  Errant,"  Station 
8,  and  those  obtained  by  the  Dutch  schooner  "  Willem  Barents  "  io 
higher  northern  latitudes.  From  the  same  station  (8)  a  single 
specimen  of  N,  grossipee,  0th.  Fabr.,  and  numerous  i^.  maeroniyx^ 
Prof.  G.  O.  Bars,  were  obtained.  The  last  named  species  is  a  very 
interesting  one,  which,  till  now,  I  knew  only  from  the  description  of 
Prof.  G.  O.  Sars.  More  than  forty  specimens  I  picked  out  from  the 
three  bottles  with  N,  rohuetum. 

As  far  as  I  know  the  cirriped  on  the  N,  ixbuitum,  is  new  to  science. 
It  is  a  Scalpellum  species,  for  which  I  propose  the  name,  Scalpellum 
nymphoeola,* 

As  for  the  large  Pycnogonid,  four  specimens  of  which  were  dredged 
also  at  station  8,  it  is  Collossendeis  proboscidea,  Sabine,  spec.,  a  species 
by  no  means  rare  in  the  cold  area  of  higher  northern  latitudes.  I  will 
include  these  species  in  my  Pycnogonid  memoir ;  of  N.  robustum,  Bell, 
i\^.  stroemii,  Krdyer,  and  Collossendeis  probosdded,  Sabine,  I  prepared 
detailed  descriptions  for  the  narrative  of  the  "  W.  Barents  "  cruise ; 
so  I 'will  give  only  their  names  and  a  very  short  notice  in  my 
"  Challenger  "  publication.  (See  Hock  Report  Pycn.  "  ChalL,"  p. 
94-99.) 


Report  on  the  Polyzoa.     By  Dr.  Gea  Busk,  F.RS. 

Station  1 ;  305  fathoms.     A  few  fragments  of  rock,  on  whiek  were 
minute  colonies  of 

*  A  description  of  this  species,  with  the  necessary  figures,  will  be  giten  i 
my  report  on  the  Cirripedia  of  the  Expedition  of  H.M.S.  "  GhaUeDgBr." 
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1.  Lepralta  graniferd,  B.  M.  Cat. 

f  Microporella  impressa^  Audoain ;  Hincks,  in  a  highly 
calcified  condition. 

Station  2 ;  375  fathoms.     Numerous  pebbles  and  fragments  of 
rock : — 

1.  Lepralia  {Alysidota)  cUderiy  Bk. 

2.  „        granifera,  R  M.  Cat 

3.  „        poliia,  Norman. 

4.  „         dutertrei,  Aud. 

Lep,  tooodianaj  Bk. 
Lep.  dutertrei,  Hincks. 

5.  Aledo  granulcUa,  B.  M.  Cat. 

Stomatopora  gramdata,  Hincks. 
?  6.  Diastopora  obdia. 
1 7.  DUcoporella  hispida,  B.  M.  Cat 

Ltchenopora  hispida,  Hincks. 
Both  the  latter  very  small  and  much  worn,  so  as  to  be  scarcely 
recognisable. 
Station  3 ;  53  fathoms. 

1.  Cellepora  ramtUosa,  Linn. 

2.  Cellepora  awcularis,  Hincks. 

3.  Eschara  compressa,  Sowerb.  (sp.). 

Cellepora  cervicomis,   Fleming  ;   Couch  ;   Busk  ;  Sars  ; 

Alder ;  &c 
Eschara  cervicomis,  form&. 
Eschara,  Smitt ;  D'orb ;  Hincks. 
MUlepora  compressa,  Sowerb. 
Porella  cervicomis,  Gray. 
Forella  compressa,  Gray ;  Hincks. 

4.  Bugvla  flabellata,  J.  V.  T.  (sp.) 

Flttstra  avicularis,  Sow. 

Flustra  angustiloba,  Lamk. 

Avictdaria  flabellata,  J.  V.  T. 

Bugula  flabellata,  R  M.  Cat ;  Hincks,  &c 

Bugtda  atncularia,  formft,  2.  flabellata,  Smitt 

5.  Bugida  plumosa,  Pallas  (sp.) 

Bicellaria  plumosa,  Blain  N. 

Bugtda  plum^>sa,  R  M.  Cat;  Alder ;  Heller ;  Hincks,  &c. 

VOL.  XL  4  H 
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6.  Flustra  folidcea,  Linn,  (sp.) 

Esckara  foliacea,  Linn.  Ed.  10. 

Flustra  fdiacea,  Linn.  Ed.  12;  Solander ;  B.  M.  Cat; 
Auctt 

7.  Retepora  beaniana,  King. 

Retepora  celltUosa  (pars)  Anett 

Retepora  heaniaTia,  King ;   R  M.  Cat.;  Hincks,  dsc. 

Retepora  cellvlosay  f ormft. 

beaniana^  Smitt. 
Escfuira  beaniana^  Smitt  1878. 

8.  Salicomaria  farciminoides, 

/So/. /araWVo wfe«,  Solander;  B.  M.  Cat;  Cuvier;  Auctt. 
Eschara  and  Flustra  fistvlosa  (pars),  Linn. 
Cellaria  salicomiay  Lamx ;  Lamarck,  &a 
Cellaria  JUtutosOy  Searles  Wood  ;   Hincks  ;   Smitt,  Ac 

9.  Lepralia  unicornis  var.  anscUa^  B.  M.  Cat;  Auctt 

SckUoporella  unicomisj  Hincks. 
10.  Porella  levis,  Fleming  (sp.) 
Cellepora  levis,  Fleming. 
Eschara  teres,  Bk. 
Eschara  levis,  Sars. 
Porella  levis  {Eschara  form&),  Smitt ;  Hincks. 

The  17  species  above  enumerated  include  13  Cheilostomata  aod  3 
or  4  Cyclostomata.  The  latter  are  remarkable  for  their  small  size 
and  strongly  calcified  condition ;  as  were  also  some  of  the  Lepnlioid 
forms. 

All  are  well-known  northern  forms,  and  none  present  any  peculiar- 
ities worthy  of  remark,  except  that  the  two  species  of  Bugula  are  repre- 
sented by  very  luxuriant  specimens.  The  condition  also  under  which 
the  specimens  of  Porella  levis  occurred  was  rather  carious ;  the  two 
or  three  fragments  were,  so  to  speak,  enclosed  in,  and  at  first  sight 
continuous  with,  the  ramifications  of  Cellepora  ramulosa,  aod  were 
of  the  same  diameter,  so  that  at  the  first  glance  the  growth  appeared 
to  be  formed  of  two  distinct  kinds  of  cell& 

All  the  species,  it  may  be  remarked,  range  as  far  sooih  as  the 
Mediterranean. 
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Report  on  the  Annelida.     By  Dr.  M*Intosh,  P.R.S. 

This  Report  was  received  by  the  late  Sir  C.  Wyville  Thomson  in 

November  1880. 

Station  1. 

Placostegu^  trideniatus^  J.  C.  Fabr, 

Station  3. 

Lagisca  propinqtia,  Mgn. 
£vamey  n.  sp. 
Glycera  capitata,  (Ersted. 
Onuphis  bilinecUOy  Baird. 
Lumbriconereis  fragilis,  O.  F.  M. 
DUrypa  arietina,  O.  F.  M. 
Serpula  vermicularis,  L. 

Station  4. 

Empty  chitinous  tube,  probably  the  same  as  one  filled  with  ova 
(moUuscan  ?)  from  Canada. 

Station  5. 

Evame  johnstoniy  M*L 

Several  Nemerteans  {Enopla  and  AnojAa), 

Station  6. 

Small  Nothria,  and  empty  muddy  tubes  probably  pertaining  to  the 
Ampharetid^. 

Station  7. 

AphrodUa  aculeata^  L. 

Lastnwnice  filicomis,  Kbg. 

Leanira  hystricis,  Ehlers.  ^ 

Matdane  near  sarsi,  Mgn. 

Ampharete  arctica^  Mgn. 

Hydroides  iwrvegica^  Qunn. 

ProttdUf  fragt 

Station  8. 

Eunoe  tquitts,  n.  sp. 

Nephthys  longisetomy  CErst. 

Nothria  hyperborean  Hansen. 

Trophonia,  n.  sp. 

Thelepus  circincUtu^  Fabr. 
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Sabellay  fragt. 
NemerteBy  n.  ep. 
Phascoloaoma, 

Station  10. ) 

Tonwpteris  onisciformis. 


Report  on  the  Holothusioidea.     By  Dr.  Hjalmar  Th^el. 

This  Report  was  received  by  the  late  Sir  C.  Wyville  Thomson  in 

November  1880. 

Leetmogone  molacea^  Thdel  {Preliminary  Report  on  the  Holothurida 
of  H,M.S,  "  Challenger;'  vol.  i. ;  Bihang  TiU  K  Sv.  VeL  Akad. 
ffandl,  B(L  5,  No.  19,  Stockholm,  1879,  p.  11). 

Station  4,  555  fathoms.     Several  hundred  specimens. 

Station  5,  515  fathoms.     One  specimen. 

Station  6,  630  fathoms.     One  specimen. 

It  is  a  somewhat  surprising  and  highly  interesting  fact  that  this 
beautiful  animal  should  be  found  in  abundance  in  a  locality  so  far 
from  Australia  (Station  164,  lat.  34**  8'  S.,  long.  162*  0'  K)  where 
the  two  specimens  hitherto  known  were  dredged  up  during  the 
''  Challenger  "  expedition,  at  a  depth  of  950  fathoms.  Moreover,  it 
is  impossible  to  discover  any  characteristic  by  which  these  almost 
antipodal  specimens  may  be  distinguished  one  from  the  other. 

Some  species  of  Elasipoda  vary  a  good  deal  in  the  number  and  size 
of  the  processes  and  pedicels;  in  Lsetmogone  violacea  as  well  as  in 
Oneirophanta  mutahiliSf  Th^el,  and  LsUmogone  wyville  thonuonii 
Th^el,  this  variation  is  so  great  that  scarcely  any  one  iodividntl 
resembles  another  completely.  Many  forms  of  Elasipoda  appear 
to  congregate  in  very  great  numbers  on  the  deep-sea  bottoms^  waUdog 
together  in  large  flocks.  During  the  "  Challenger ''  expedition  it  was 
not  uncommon  to  procure  at  the  same  time  and  in  the  same  locality 
a  great  many  individuals  of  the  same  species,  sometimes  a  hundred 
or  more ;  and  this  very  summer  Mr.  Murray  has  foond  several 
hundred  individuals  of  Lsetmogone  violacea  living  together  in  the 
same  place. 

The  Elasipoda  are  essentially  deep-sea  forma.  With  few  excep- 
tions all  hitherto  discovered  genera  and  species  of  this  order  belong  to 
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the  oceanic  abysses.*  Only  Elpidia  ghcialis,  Th6el,  has  as  yet  been 
observed  living  at  comparatively  small  and  moderate  depths,  aboat 
40  to  100  fathoms,  in  the  Sea  of  Kara,  bat  the  same  species  was  also 
obtained  not  far  from  Greenland,  during  a  Swedish  expedition,  at  a 
depth  of  950  fathoms.  The  Norwegian  Arctic  dredging  expedition 
also  procured  from  great  depths  many  specimens  larger  than  those 
from  the  Sea  of  Kara  ;  and  the  *'  Challenger  **  expedition  brought 
home  an  individual,  dredged  at  Station  160,  lat.  42°  42'  S.,  long. 
134''  10'  E.,  south  of  Australia,  in  a  depth  of  2600  fathoms.  From 
this  it  is  manifest  that  while  Elpidia  glacialis  is  able  to  exist  at  a 
great  variety  of  depths,  it  is  really  a  deep  sea  form. 

Only  two  forms  {Ilyodamon  macuLaius^  Th6el,  and  Orphnurgus 
atpeVy  Th6el)  are  known  to  live  at  a  depth  less  than  500  fathoms,  and 
a  few  from  500  to  1000  fathoms ;  the  remainder,,  about  thirty 
species,  are  found  at  depths  ranging  from  1000  to  2900  fathoms. 
The  order  Elasipoda  seems  to  be  represented  in  all  oceans,  and  the 
largest,  most  peculiar,  and  most  characteristic  forms  prefer  the 
greatest  depths.  The  number  of  deep-sea  dredgings  being  small  in 
comparison  with  the  large  area  of  ocean,  it  is  as  yet  almost  impos- 
sible to  arrive  at  any  exact  idea  of  the  distribution  of  genera  and 
species.  As  a  matter  of  fact,  however,  the  genus  Elpidia^  for 
instance,  has  a  very  wide  distribution,  its  species  having  been 
observed  at  almost  all  parts  of  the  sea,  from  the  Arctic  Ocean  to  lat 
GO""  52'  S.,  long.  SO""  20'  £.  south  of  Kerguelen  Islands,  and  not  very 
far  from  the  antarctic  circle,  as  well  as  in  more  scattered  localities 
around  the  world  As  to  the  distribution  of  species  it  has  already 
been  mentioned  that  Elpidia  glacialis  and  LsUmogone  violacea 
appear  to  be  very  widely  distributed,  and  Oneirophanta  mutabilis  has 
also  been  procured  by  the  "  Challenger  "  expedition  at  seven  different 
stations  around  the  world,  but  not  in  the  Atlantic  Ocean. 

Echinoeucumis  typica,  Sars  (Ofversigt  af  Norges  Echinodermer 
Christiania,  1861,  pp.  102-108,  pL  x.  figs.  11-20,  pL  xi  figs.  1-17), 

Station  7,  530  fathoma     Four  specimens. 

Thyone  raphanus,  Diib.  and  Koren  (Ofversigt  af  Skandinatdens 
Echinodermer;  Kongl.  Sv,  V,  Akad,  UandL^  1877,  pp.  311-312,  pL 
xL  fig.  58-59,  pL  V.  figa  49-55). 

*  As  far  as  our  present  knowledge  goes,  no  £lasipoda  are  found  living  at 
depths  less  than  40  fathoms. 
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Station  6,  530  fathoms.     One  specimen. 

Station  7,  530  fathoms.     Nine  specimens. 

AU  these  individuals  differ  from  the  typical  form  described  by 
Diiben  and  Koren  in  their  small  size,  the  largest  being  only  aboat 
15  mm.  in  length,  and  10  mm.  in  breadth,  and  some  other  unimportant 
differences  also  exist  The  pedicels  being  scattered  over  the  whole 
body,  seem  to  be  more  numerous  along  the  three  ventral  ambulacra, 
forming  there,  more  or  less  conspicuous  rows.  Pedicels  with  a  few 
small  arcuate  spicula,  and  a  small  irregular  terminal  plate.  Tentacles 
with  larger  and  smaller,  straight  or  arcuate  spicula,  the  ends  of  which 
are  enlarged  and  perforated.  Anus  with  fine,  small,  elongated,  per- 
forated plates  resembling  teeth. 

Stichopm  (1)  tizardi,  nov. 

Station  6,  530  fathoms.  Two  rather  incomplete  specimens,  and 
some  fragments. 

Station  4,  555  fathoms.     Some  fragments. 

In  consequence  of  the  fragmentary  condition  of  the  specimeDS 
which  have  been  at  our  disposal,  it  has  been  quite  impossible  to 
obtain  an  exact  idea  of  their  form,  or  to  fix  the  genus  to  which  they 
belong.  The  viscera  having  been  ejected  it  could  not  be  ascertained 
whether  respiratory  organs  were  present  or  not.  The  bottle  in  which 
the  specimens  were  stored  contained  also  the  posterior  part  of  an 
intestine  with  two  respiratory  trees,  and  it  seems  probable  that  these 
organs  belong  to  the  larger  specimen.  As  they  bear  some  resemblance 
to  Stichopus  I  propose,  for  the  present  at  least,  to  refer  tbem  to  that 
genus. 

Body  elongated,  the  length  of  the  larger  specimen  being  about 
130  mm.  Bivium  with  some  small  retractile  processes  arranged  in  a 
row  around  its  foremost  part,  and  with  a  few  larger  ones  scattered  on 
the  back.  Trivium  with  small  retractile  pedicels.  It  is  impossible  to 
state  how  the  processes  and  pedicels  are  arranged  on  the  larger 
specimen,  but  the  fragments  plainly  show  that  the  bivium  is  provided 
with  tubercles  or  processes  all  round  the  body,  and  that  the  pedicels 
are  disposed  in  rows  on  the  bivium.  Mouth  anterior  ventral ;  anas 
posterior,  terminal,  subdorsal  Tentacles  twenty  of  almost  equal  8ii^ 
their  terminal  part  rather  large,  with  some  retractile  prooessea 
Integument  very  thick  and  soft,  with  two  kinds  of  calcareous  deposits ; 
small  Q-shaped  spicula ;  and  other  bodies  representiiig  the  form  of  a 
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cross  or  star,  composed  of  four  long,  straight  arms  with  the  ends 
more  or  less  enlarged,  flattened  and  pierced  with  one  large  and  a  few 
small  holes ;  sometimes  the  enlarged  ends  of  the  arms  are  connected 
with  one  another,  forming  a  more  or  less  round,  perforated  plate ; 
the  centre  of  the  cross  always  with  a  large  and  straight  tower  or 
steeple,  directed  outwards  from  the  body  of  the  animal,  and  composed 
of  four  long,  straight,  parallel  columns,  held  together  by  three  to 
seven  transverse  bands.  The  pedicels  and  processes  with  numerous 
rather  large,  more  or  less  arcuate  spinous  spicula,  and  the  former  with 
a  rudimental  perforated  terminal  plate. 

Only  one  pyriform  sac,  rather  slender  and  cylindrical,  the  length 
being  about  35  mm.  The  madreporic  canal  dorsal,  very  small,  with 
numerous  small  spicula,  curved  in  the  form  of  a  C,  and  resembling 
those  of  the  integument  Each  of  the  powerful  longitudinal  muscles 
is  double.  Genital  tubes  dichotomously  branched,  arranged  in  two 
rather  large  clusters,  one  on  each  side  of  the  dorsal  mesenterium, 
each  cluster  being  again  divided  into  from  five  to  seven  smaller  ones. 
The  respiratory  trees  (if  they  really  belong  to  these  animals)  are  two, 
undivided,  almost  of  equal  size,  about  45  mm.  in  length,  and  bearing 
along  their  whole  length  a  great  many  small  processes  or  branches. 
Colour  in  alcohol  light  grey ;  terminal  parts  of  the  tentacles  yellowish 
with  some  dark  points. 


Report  on  Echinoidea.     By  Professor  Alex.  Agassiz. 

I  have  examined  the  things  and  send  you  a  list.  There  is  nothing 
new,  but  I  am  very  glad  to  have  good  specimens  of  Phonnosoma 
uranus  and  placenta^  which  I  bad  not  seen,  as  well  as  good  young 
specimens  of  Echinocardium  pennatifidum,  which  are  interesting. 

Dorocidaris  papillcUa,  A.  Ag.  St.  1  805  fms. 

Paroddaris  purpurcUaf  W.  Th.         St.  7  630    ,, 

PJujrmoaoma  uranus^  W.  Th.  St.  4  555    ,, 

„  placenta,  W.  Th.  St.  4  555    „ 

and  St.  2  530 

Echinus  norveffictis,  D.  k  E.  St.  7  530 

St.  1  805 
St.  3  53 


>* 

tt 

If 

ff 
„      actUuSf  Lamk.  St  3  53    „ 

,,      melOfJjank.  St  3  53    ,, 


JEchinocyamus  pusilltis,  Gray  St  3  58 


II 
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Pourtaleaiajeffreysii,  W.  Th.  St.  8  640  fms. 

Spatangus  purpurens,  Luke  St.  3  ^3    „ 

young  (?)  St  6  630    „ 

(broken,  possibly  not  the  yoang) 
Echinocardium flaveacens^  A.  Ag.     St  8  ^    i>. . 

,,  pennatifidunif  Nonn.  St  8  ^    »> 

with  young  specimens  of  the  species. 


AsTBROiDEA  dredged  daring  the  Cruise  of  the  ^'  Knight  Errant ''  in 
July  and  August  1880.     By  W.  Percy  Sladen,  F.L.a,  F.G.S. 

The  collection  that  forms  the  subject  of  the  present  report,  although 
small  numerically,  is  interesting  in  many  respects.  As  might 
naturally  be  expected,  the  general  facies  of  the  whole  is  decidedly 
northern ;  and  with  the  exception  of  two  of  the  forms  all  have  been 
previously  recognised  under  similar  conditions  of  habitat  and  associa- 
tion. Owing  to  the  limited  number  of  stations  and  the  small  number 
of  starfishes  obtained  at  each,  I  do  not  in  the  present  instance  feel 
justified  in  drawing  from  the  study  of  this  group  of  animals  alooe 
any  definite  generalisations  upon  the  physical  and  faunatic  conditions 
of  the  area  surveyed.  Of  the  five  stations  herein  concerned,  one  is 
situated  in  the  shallow  water  within  the  hundred  fathom  line,  and 
all  the  forms  there  dredged  are  characteristic  boreal  and  North  British 
species;  two  stations  occur  in  the  ''cold''  area  near  to  stations 
previously  dredged  by  the  ''  Porcupine," — one  being  probably  dose 
to  the  most  western  extension  of  the  area.  The  remaining  two 
stations  are  in  the  "  warm  "  area  and  near  to  the  ridge  that  separates 
it  from  the  cold  area.  One  of  the  warm-area  stations  has  furnished 
a  very  remarkable  starfish,  which  constitutes  the  type  of  a  new  genus, 
— altogether  distinct  from  any  of  its  northern  congeners ;  whilst  from 
the  second  of  these  stations  a  recognised  boreal  species  was  dredged, 
which  has  not  previously  been  found  out  of  the  cold  area 

With  the  exception  of  the  new  form,  each  of  the  species  enumerated 
has  been  previously  taken  in  the  cold  area.  Upon  this  fact,  however, 
too  much  importance  should  not  be  placed.  As  our  knowledge  of 
the  distribution  and  adaptability  of  starfish  life  increases,  there  seems 
much  danger  of  confusing  cold-area  forms  (previously  ao  called)  with 
frigid  abyssal  forms  of  far  distant  localities,  which  certainly  cannot 
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be  regarded  as  belonging  to  the  same  geographical  or  isothermal  area. 
It  is  not  improbable  that,  when  the  Asteroidea  of  the  "  Porcupine  " 
and  ''  Lightning  **  cruises  have  all  been  critically  examined  and  the 
results  tabulated,  in  connection  with  the  additional  information 
furnished  by  the  "Challenger"  and  other  expeditions,  that  some 
modifications  may  bo  necessary  in  the  asterid  fauna-lists  of  the 
respective  areas.  Every  series  of  specimens  therefore  is  of  especial 
interest  and  adds  further  weight  and  importance  to  previous  observa- 
tions 

My  hearty  thanks  are  due  to  Mr.  John  Murray  for  the  opportunity 
of  examining  this  collection,  as  well  as  for  much  information. 


L  List  of  the  Species  obtained, 

1.  Archaster  tenuispinus  (Diiben  and  Koren),  Sars. 

Station  8.  August  17,  1880.  Lat.  60*  3' K,  long.  5*  51' W. 
Depth,  540  fathoms ;  bottom  temperature,  29° '2  Fahr. ;  surface 
temperature,  56^*5  Fahr. ;  ooze.     Three  examples. 

All  fully  grown  individuals,  R<  6  r ;  in  the  largest,  R  =  73  millim., 
r=16'5  millim.  These  specimens  present  many  of  the  characters 
of  A.  echinnlcUus,  Perrier,  which  is  perhaps  only  a  locational  variety 
of  the  northern  species, — at  any  rate  a  representative  form. 

2.  Archaster  hifroiis,  Wyville  Thomson.  (Arc/iaster  bifrons,  Wyv, 
ThoHL  (1873),  The  Depths  of  the  Sea,  p.  122,  figs,  17  and  74). 

Station  7.  Aug.  12,  1880.  Lat  59°  37'  N.,  long.  7*  19'  W. 
Depth,  530  fathoms.     Three  examples. 

This  elegant  and  well  marked  form  was  named  by  Sir  Wyville 

Thomson  in  hia  account  of  the  "Porcupine "  cruise  in  The  Depths  of 

the  Sea  ;  and  two  admirable  woodcuts  are  there  given,  unaccompanied, 

however,  by  any  description.     As  no  diagnosis  of  this  species  has  yet 

been  published,  the  following  summary  of  details  will  not  be  out  of 

place : — 

Archaster  bifrons. — Radii  five,  elongate,  moderately  broad  at  the 

base,  tapering  continuously  to  a  finely  pointed  extremity.     Inter- 

brachial  angles  widely  rounded.     Minor  radial  proportion  23*3  per 

cent,  R  =  90  millim.,  r=21  millim.      R>4^r.     Radii  25  millim. 

broad  at  the  base. 

PaxillsB  of  the  dorsal  area  minute,  crowded,  bearing  20  to  25 
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splnelets, — 5  or  6  ia  the  midst  of  each  crown  more  robust  than  the 
rest. 

Marginal  plates  large  and  conspicuous.  Supero-marginal  series 
about  as  broad  as  high,  33  in  number  from  the  interbrachial  angle  to 
the  extremity,  covered  with  granules  which  become  subcorneal  in 
form  on  the  lateral  half  of  the  plate.  Each  supero-marginal  plate 
bears  a  single,  moderately  long,  conical,  pointed  spinelet  standing  on 
the  rounded  angle  of  the  plate  and  directed  outward  almost 
horizontally.  Sometimes  this  spinelot  may  be  reduplified  on  two  or 
three  plates  near  the  middle  of  the  ray.  Infero-marginal  plates  cor- 
respondent with  the  superior  series  and  similar  in  every  respect, 
covered  with  similar  sub-conical  granules,  and  each  with  a  similar 
and  equal  sized  spinelet  directed  horizontally.  The  supero-marginal 
spines  diminish  in  size  towards  the  interbrachial  angle  and  towards 
the  extremity ;  and  also  the  infero-marginal  spines,  but  in  a  less 
degree.  The  largest  spines  are  consequently  about  midway  on  the 
ray.  Adambulacral  plates  form  a  straight  or  very  faintly  festooned 
margin  to  the  furrow.  Ambulacral  spines  rather  elongate,  10  in  a 
lineal  series  on  the  furrow-margin  of  the  plate,  slightly  compressed, 
not  tapering,  extremities  rounded,  the  middle  spines  largest;  the 
others  diminishing  by  gradation  to  either  end  of  the  series,  the  outer- 
most spine  being  small  and  setiforoL  External  to  this  inner  row 
stands  a  single  large,  conical,  sharply  pointed  spinelet,  nearly  as 
large  and  robust  as  the  marginal  spines.  A  few  minute  setiform 
spinelets  stand  at  the  base  on  the  outer  portion  of  the  plate. 

Interbrachial  areas  large.  The  ventral  plates  are  small,  nomerons, 
regularly  quadrate,  and  are  divided  into  lineal  series  or  columns  by 
furrows  which  extend  from  the  adambulacral  plates  to  the  marginal 
plates, — the  breadth  of  the  columns  at  their  inner  extremity  corres- 
ponding with  that  of  the  adambulacral  plates,  but  contracting  as  tiiey 
proceed  outward,  in  consequence  of  the  diminution  of  the  siae  of  the 
plates.  The  ventral  plates  are  covered  with  papilliform  granoles  or 
spinelets,  and  each  of  those  in  the  angle  bears  a  single,  modentely 
robust,  conical  pointed  spinelet  springing  from  the  midst 

Anus  distinct.  Madreporiform  body  obscure,  hidden  by  paxflls ; 
probably  situated  in  the  midst  of  a  circular  area  of  more  widely 
spaced  paxillae  which  occurs  in  one  of  the  interradia,  rather  nearer 
the  margin  than  midway. 
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Terminal  (ocular)  plate  very  minute.  Sucker-feet  pointed.  No 
Bucker  disk. 

3.  Astropecten  andromeda^  Miiller  and  TroscheL  {Astropecten 
christi,  Diiben  and  Koren,*  Of  vers,  K.  Vet-Akad,  Forhandl,,  1844, 
p.  113). 

Station  7.  Aug.  12,  1880.  Lat  59^  37'  N.,  long.  7"  19'  W. 
Depth,  530  fathoms.     A  single  example. 

Miiller  and  Troschelf  described  their  species  as  sometimes  furnished 
with  small  single  spinelets  on  the  supero-marginal  plates;  but  no 
trace  whatever  of  such  are  to  be  found  in  the  specimen  under  notice. 
In  this  respect  I  can  confirm  the  observations  of  Sars,:{:  and  Danieissen 
and  Koren,§  and  also  the  description  given  by  Diiben  and  Koren.  || 
In  the  "  Knight  Errant "  specimen  all  the  spinulous  or  papilliform 
appendages  of  the  actinal  surface  are  invested  with  a  thick 
membranous  tissue  which  is  often  more  or  less  united  at  their  bases, 
and  in  some  parts  coalescent  even  at  their  extremities,  which  are 
joined  by  web-like  and  fibrillar  extensions.  The  appearance  thus 
produced  is  accurately  enough  expressed  by  Diiben  and  Koren's 
"gelatinost  ofverdrag/' IT  and  I  have  no  doubt  whatever  as  to  the 
correctness  of  their  description  in  this  respect ;  although  the  character 
referred  to  has  subsequently  been  called  in  question.  Sars*"^  states 
definitely  that  it  did  not  occur  in  any  of  his  specimens,  and  he  con- 
sidered that  Diiben  and  Koren  had  been  deceived  by  the  presence  of 
foreign  matter.  Diiben  and  Koren  state  that  the  character  is  not  a 
constant  one. 

Remarks. — Astropecten  andromeda  has  not  previously  been  dredged 
out  of  the  "  cold  "  area.  The  present  seems  to  be  an  instance  of  its 
occurrence  within  the  limits  of  the  '*  warm  "  area.  It|seems  pro- 
bable from  this  and  other  sources  of  information  that  some  modifica- 
tions will  ultimately  be  required  when  drawing  up  a  revision  of  the 
characteristic  fauna-lists  of  the  two  areas. 

*  The  date  of  the  first  publication  of  Diiben  and  Eoren's  name  was  incor- 
rectly cited  by  Dujardin  and  Hup4  {Hist.  Nat.  Zooph.  ^chinodermes^  j).  420) 
as  1834, — a  mistake  which  has  subsequently  been  copied,  and  has  led  to  an 
erroneous  priority  being  accorded  to  Diiben  and  Koren's  name.  In  1846 
Diiben  and  Koren  themselves  acknowledged  Miiller  and  Troschel's  claim. 

t  System  der  Asteriden,  1842,  p.  129. 

X  Oversigt  af  Norgts  EchinoderrMr^  p.  30. 

§  Nyt  Mag.f.  Naturvidensk.,  1877,  bd.  xxiii.  3,  p.  66. 

11  Kongl.  VeL'Akad.  Handl.  fir  Jr  1844  (1846),  p.  260. 

i;  Loc  eU.,  p.  261.  **  Loe.  cU.,  p.  31. 
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4.  Luidia  sarsii,  Diiben  and  Koren. 

Station  3.  Aug.  3  and  4,  1880.  Lat  59°  12'  K,  long.  5'  57' 
W.     Depth,  53  fathoms.     Seven  examples. 

5.  Forania  ptdviUits  (O.  F.  Miiller),  Norman. 

Station  3.  Aug.  3  and  4,  1880.  Lat  59^  12'  N.,  long.  5°  57', 
W.     Depth,  53  fathoms.     A  single  example. 

6.  Mimaster  tizardi^  gen.  et  sp.  nov. 

Station  4.  Aug.  10,  1880.  Lat.  b^""  33'  N.,  long.  7  14'  W. 
Depth,  555  fathoms;  bottom  temperature,  45° *4  Fahr.;  surface 
temperature,  57°  Fahr.;  mud.     A  single  example. 

Radii  five,  marginal  contour  stellato-pentagonal,  interbrachial 
angles  sub-acute,  the  radii  tapering  gradually  to  a  fine  extremity. 
The  lesser  radius  is  in  the  proportion  of  45  per  cent,  Rs  120  millim., 
r  =  54  millim. ;  breadth  of  a  ray  at  the  base,  b%  millim.  Donal 
profile  high  and  gibbous  over  the  disk.     Actinal  surface  convex. 

Dorsal  area  covered  with  a  great  number  of  uniform  small  paxills, 
closely  and  equidistantly  placed,  presenting  no  definite  order  of 
arrangement  The  paxillse  consist  of  a  cylindrical  pedicel  nearly 
twice  as  high  as  broad,  surmounted  by  a  crown  of  15  to  20  spinelets 
about  equal  in  length  to  the  pedicel,  except  where  they  have  been 
abraded ;  and  the  spinelets  radiate  apart  very  slightly,  which  gives  a 
compact  appearance  to  the  paxillse.  Papulae  in  groups  of  3  to  5  occur 
between  neighbouring  paxillse. 

Marginal  plates,  in  ventral  and  dorsal  series,  small  and  sub- 
tubercular  in  appearance,  37  to  38  in  each  series  between  the  inter- 
brachial angle  and  the  extremity  of  the  ray.  Each  plate  or  bees  is 
covered  with  a  great  number  of  small  spinelets  similar  to  those  of  tiio 
paxillse,  giving  them  a  round,  cushion-like  appearance.  The  infero- 
marginal  plates  are  the  largest,  transversely  sub-oval  in  form, — the 
length  increasing  towards  the  interbrachial  angle,  and  bear  not  to 
than  100  spinelets.  The  supero-marginal  plates  are  smaller,  usually 
round,  and  placed  rather  more  aborally  than  the  companion  {date  of 
the  lower  series,  the  pairs  standing  consequently  slightly  obliqua 
The  ventral  plates  occupy  a  great  space  on  the  actinal  sorfaoe,  sod 
extend  up  to  the  very  extremity  of  the  ray.  Each  plate  bears  a  single 
paxilla,  which  is  rather  more  robust  than  those  on  the  dorsal  snrfsee, 
and  carries  rather  fewer  spinelets,  which  are  somewhat  longer  sod 
more  widely  expanded.     In  consequence  of  the  sise  and  arraDgement 
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o!  the  ventral  plates,  the  ventral  paxill:B  are  more  widely  spaced  than 
the  dorsal  ones,  and  are  disposed  in  regular  lines  which  run  from  the 
adambulacral  plate  to  the  margin,  the  lines  or  columns  being  marked 
off  by  straight  furrows  or  wrinkles  in  the  membrane.  As  the  paxillae 
are  equidistantly  spaced  in  each  of  these  transverse  rows,  equally 
regular  and  uniform  longitudinal  lines  are  also  traceable  along  the 
ray.  In  the  arm-angle  9  to  10  pazillae  stand  in  each  transverse  series, 
the  same  number  being  maintained  until  about  the  outer  fifth  of  the 
furrow. 

Each  adambulacral  plate  stands  on  the  furrow-margin  as  the 
terminal  plate  of  one  of  the  transverse  series  above  mentioned ;  and 
carries  a  group  of  15-20  spinelets  resembling  a  compressed  pazilla, 
only  rather  more  robust  than  those  on  the  ventral  plates.  Two  of 
the  spinelets  (sometimes  three)  larger  than  the  rest,  slightly  flattened 
and  tapering  to  a  point,  stand  at  the  margin  of  the  furrow.  The 
succeeding  spinelets  are  less  robust,  and  pass  in  gradation  to  the 
group  of  outermost  spinelets  which  are  about  equal  in  size  to  those 
of  the  ventral  paxillse.  The  5  or  6  innermost  adambulacral  plates 
have  much  larger  spinelets  than  the  others.  About  75  adambulacral 
plates  may  be  counted  along  the  furrow. 

The  united  mouth-plates  form  a  sharp  angle  inwardly,  and  a  large 
elongately  ovoid,  sub-tubercular  swelling  is  developed  on  their 
Buperficies, — the  whole  surface  being  covered  with  spinelets  arranged 
in  somewhat  similar  series  to  the  ambulacral  spinelets,  standing 
perpendicular,  7  to  8  along  each  side  of  the  mouth  angle.  The  aboral 
portion  of  each  plate  is  occupied  by  a  compressed  paxilliform  group, 
similar  to  those  on  the  adambulacral  plates 

Madreporiform  body  undistinguishable. 

Remarks, — The  appearance  of  this  magnificent  starfish  suggests  in 
a  remarkable  way  the  association  of  the  prominent  external  characters 
of  a  Sdaster^  a  PeiUagonaster  and  an  Asterina,  It  is  entirely  distinct 
from  its  northern  congeners  and  in  structural  formula  cannot  be 
referred  to  any  genus  at  present  known.  Judging  from  description 
alone  it  perhaps  resembles  most  nearly  the  genus  Eadiaster^  recently 
establbhed  by  M.  Perrier*  from  a  specimen  obtained  by  the  U.S.  Coast 
Survey  Steamer  "  Blake  "  in  the  dredgings  in  the  Gulf  of  Mexico  and 
the  Caribbean  Sesu     That  Mimaster  is  clearly  distinct,  however,  from 

♦  BulL  Mu8.  Comp.  ZooL,  Harvard,  vol  ix.  no.  1,  p.  17. 
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that  form  will  be  readily  seen  on  comparing  the  summary  given  above 
with  that  of  M.  Perrier. 

I  have  great  pleasure  in  naming  this  interesting  species  after 
Captain  Tizard,  RN.,  under  whose  command  the  "  Knight  Errant" 
cruise  was  conducted, — an  officer  to  whom  science  is  much  indebted 
for  many  services  and  contributions,  amongst  the  foremost  of  which 
may  be  mentioned  the  important  hydrographic  investigations  on 
board  H.KS.  "  Challenger." 

7.  Cribrella  octUata  (Linck),  Forbea 

Station  3.  Aug.  3  and  4,  1880.  Lat.  59"*  12'  N.,  long.  5"  57' 
W.     Depth,  53  fathoms.     A  single  exampla 

8.  Crossaster  papposus  (Linck),  Milller  and  TroscheL 

Station  3.  Aug.  3  and  4,  1880.  Lat.  69**  12'  N.,  long.  5'  57 
W.     Depth,  53  fathoms.    Two  examples. 

One  large  specimen  having  thirteen  rays,  R  » 1 22  millim.,  r  =  45 
millim. ;  and  the  other  a  small  one  with  twelve  rays. 

9.  Crossaster  pappo8U4i,  var.  septentrvonaliSf  n. 

Station  2.  July  29,  1880.  Lat.  GO**  29'  N.,  long.  8^  19'  W. 
Depth,  375  fathoms;  bottom  temperature,  31"*  Fahr. ;  surface  temperar 
ture,  53**  Fahr.;  mud.     A  single  example. 

An  interesting  variety  was  dredged  at  Station  2  in  375  fathoms, 
which  on  account  of  its  well-marked  character  I  consider  desirable 
to  recognise  by  name, — a  course  further  justified  by  its  constancy 
over  a  considerable  area  of  distribution.  In  proposing  this  step, 
however,  I  wish  to  state  clearly  that  I  do  not  regard  the  form  as 
specifically  distinct  from  Crossaster  papposus.  The  form  ib  ten  rayed, 
and  accords  in  this  and  other  particulars  with  a  number  of  examples 
taken  at  different  stations  during  the  **  Porcupine  "  cruise.  The 
chief  characters  are  persistent  throughout  the  whole  series  of  speci- 
mens  that  I  have  examined ;  several,  however,  are  present  in  an 
extreme  degree  in  the  specimen  under  notice,  of  which  the  foUowiog 
may  be  taken  as  a  brief  description  : — 

Rays  ten,  short,  broad  at  the  base,  and  sharply  tapering,  radial 
proportions  =  R<2  r;  R:=35  mUlim.,  r  =  18  millinL  Dorsal  rar- 
face  of  the  disk  gibbous,  sloping  rather  quickly  at  the  base  of  tlie 
rays.  Paxillse  small,  numerous,  dosely  crowded,  with  10  to  SI 
spinelets,  which  are  more  or  less  divergent  from  the  pedioeL  15  to  17 
paxillae  may  be  counted  in  a  median  interradial  line  and  about  10 
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across  the  base  of  a  ray.     Papulae  few,  not  more  than  1  to  3  in  a 
group. 

Ambulacral  spines :  (1)  farrow  series,  six  on  each  plate  near  the 
mouth,  five  on  the  more  outward  plates,  the  aboral  spine  smallest ; 
(2)  transverse  series  composed  of  eight  spines.  The  two  spines 
nearest  the  furrow  are  placed  more  aborally  than  the  rest,  which  gives 
the  line  of  base  of  each  transverse  series  an  aboral  curve  at  the  furrow 
side.  The  middle  spines  are  longest,  the  outermost  smallest;  all 
tapering  to  a  fine  point,  robust  at  the  base ;  no  webbing  apparent 
Mouth-plates  with  robust  mouth-spines,  and  a  prominent  series  of 
9  to  10  secondary  superficial  spinelets,  larger  than  the  marginal  mouth- 
spines.  Interbrachial  areas  covered  with  small  pazillae,  and  rather 
crowded. 

Remarks, — On  comparing  with  the  above  form  a  typical  Crossaster 
papposus  of  the  same  diameter,  it  will  be  found  that  in  the  latter  the 
rays,  which  are  11  to  13  in  number,  are  less  tapering  and  relatively 
longer,  the  proportion  being  R>2'5  r.  The  dorsal  area  of  the  disk 
is  very  little  higher  than  the  rays.  The  paxillse  are  larger,  fewer, 
more  widely  spaced,  and  bear  a  greater  number  of  spinelets,  usually 
about  40,  which  are  arranged  much  more  compactly  and  give  the 
paxillsB  a  more  rounded  appearance, — often  resembling  that  of  a  well- 
worn  brush,  the  central  spinelets  being  longest.  The  papulae  are 
more  numerous,  5  to  10  or  more.  Ambulacral  spinelets  three  in  the 
inner  or  furrow  series, — a  fourth  very  minute  one,  placed  aborally, 
being  present  near  the  moutL  Transverse  combs  of  five  spinelets, 
those  near  the  furrow  series  longest ;  line  of  base  straight ;  webbing 
at  the  base  more  or  less  present.  All  the  spinelets  are  more  delicate 
in  character  than  in  the  variety.  Mouth-plates  with  delicate  spines ; 
secondary  mouth-spines  not  more  than  two  or  three.  Interbrachial 
areas  quite  naked  or  with  only  one  or  two  small  paxillae. 

This  variety  conforms  in  several  respects  with  the  admirable 
description  given  by  Danielssen  and  Eoren'*^  of  the  form  which  they 
refer  to  the  Solaster  affinis  of  Brandt.  The  dififerences,  however,  are 
80  marked  that  I  cannot  regard  them  as  one  and  the  same  form  ;  and 
in  none  of  the  specimens  which  I  have  examined  either  from  the 
"  Porcupine ''  or  the ''  Knight  Errant ''  dredgings  can  I  recognise  an 
identity  with  the  specimens  described  by  the  eminent  Norwegian 

♦  Nyt  Mag.f.  Naturvidensk.,  1877,  bd.  xxiii.  3,  p.  57. 
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naturalists.  Judging  from  the  description  above  cited,  it  seems  to  me 
that  our  variety  occupies  an  intermediate  position  between  the  typical 
form  of  Crossaster  papposus  and  the  Solatter  affinis  of  DanieLsen 
and  Koren;  and  thus  appears  to  me  to  strengthen  the  opinion  else- 
where expressed,'"'  that  the  latter  form  is  probably  a  [locational 
variation  of  the  type  of  C.  pappostis, 

10.  Asteracanthicn  rubens  (Linn^),  Miiller  and  TroscheL 
Station  3.     August  3  and  4,  1880.    Lat.  69"*  12'  N.,  long.  5°  57' 

W.     Depth,  53  fathoms.     Three  examples ;  two  of  them  being  small 
The  large  specimen  is  remarkable  for  the  elongation  and  attenuation 
of  the  radii,  and  for  the  comparative  paucity  and  smallness  of  the 
dorsal  spinelets.     These  are  minute,  conical,  and  almost  hidden  in  the 
membrane.     The  margin  of  the  dorsal  area  is  bounded  by  a  regular 
and  prominent  line  of  spinelets,  and  the  median  dorsal  line  is  also 
more   or  less   regular.     The  other  spinelets  are  quite  irregular  in 
disposition  and  though  moderately  numerous  are  inconspicuous  in 
consequence  of  their  small  size.     The  sides  of  the  rays  are  deeper 
and  more  perpendicular  than   usoaL     Lateral  spines,  2   or  3  in 
number,  placed  obliquely.     No  spines  on  the  sides  between  these 
spines  and  the  true  dorsal  series,  and  no  spines  between  the  lateral 
series  and  the  ambulacral  spines.     Forficiform   pedicellari»  veiy 
numerous  on  the  ambulacral  spines,  especially  in  the  inner  portion  of 
the  furrow,  also  on  the  sides  of  the  ray ;  smaller  and  less  numeroos 
on  the  dorsal  area.     Forcipif orm  pedicellarise  comparatively  scanty, 
a  few  at  the  base  of  the  marginal  dorsal  spines,  and  a  greater  number 
at  the  base  of  the  lateral  spines ;  a  few  irregularly  distributed  oret 
the  dorsal  area.     This  specimen  in  some  respects  simulates  the  habit 
of  A,  glaciale  in  a  striking  manner. 

11.  Asteracanthion  miUlerij  Sar& 

Station  3.     Aug.  3  and  4,  1880.     Lat  59'  12'  N.,  long,  b'hl 
W.     Depth,  53  fathoms.     A  single  example; 

XL  StatUm-LiUB. 

The  following  lists  will  show  at  a  glance  the  assodatioD  of  the 
species  at  each  of  the  stations. 

♦  Duncan  and  Sladen,  A  Memoir  on  the  Echinodermaia  of  tki  Ardk  S»  ^ 
the  West  of  Greenland,  London,  1881,  p.  89. 
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Station  2.  July  29,  1880.  Lat.  60°  29'  N.;  long.  8'  19'  W. 
Depth,  375  fathoms.  Bottom  temperature,  31°  Fahr. ;  surface 
temperature,  53°  Fahr.;  mud. 

Crosmster  pappostis,  var.  septentrionalis. 

Station  3.  Aug.  3  and  4, 1880.  Lat.  69°  12'  N.,  long.  6°  57'  W. 
Depth,  53  fathoms ;  off  the  island  of  North  Rona. 

Luidia  sarsii,  Crossaster  papposus, 

Porania  pulvillus,  Atteracanthion  rvhens, 

Cribrella  oculcUa.  Asteracanthion  miilleri. 

Station  4.  Aug.  10,  1880.  Lat.  59°  33'  N.,  long.  7°  14'  W. 
Depth,  555  fathoms  ;  bottom  temperature,  45** '4  Fahr.;  surface 
temperature,  57°  Fahr.;  mud. 

Mimaster  tizardi. 

Station  7.  Aug.  12,  1880.  Lat.  69°  37'  N.,  long.  7°  19'  W. 
Depth,  530  fathoms. 

Archaster  hifrons,  Artropeden  andromeda. 

Station  8.  Aug.  17,  1880.  Lat.  60°  3'  K,  long.  5°  61'  W. 
Depth,  540  fathoms.  Bottom  temperature,  29°*2  Fahr.;  surface 
temperature,  56° '5  Fahr.;  ooze. 

Archaster  tenuispimis. 


Eeport  on  Ophiuroidea.     By  Professor  Theodore  Lyman. 

I  have  examined  the  "  Knight  Errant "  Ophuiroidea,     They  are 
as  follows : — 

Ophioglypha  aurantiacaf  Yll.  St  6  530  fms. 

signcUa,  Yll. 
Ophiaetis  abyssicola,  Ljn. 


11 


Ophioconia  nigra,  Mall.  &  Tr. 
Ophiopholis  aculecUa,  Gray 
Ophiolhrix  pentaphylluTTif  Ljn. 
Ophioacolex  gladalis.  Mull.  &  Tr. 
OphiaeaTitha  triderUata,  Ljn. 


St.  8 

540 

St.  2 

375 

St  7 

530 

St  8 

58 

St  3 

53 

St  3 

53 

St  2 

375 

St  5 

515 

II 
II 
II 
II 
II 
II 


It  is  curious  that  they  did  not  get  things  like  Ophiacantha  spimdosa^ 
and  several  common  species  of  Ophioglypha^  and  that  they  did  get 
new  things,  viz.,  Ophioglypha  aurantiaca  and  0.  signata.  The  latter, 
however,  stands  pretty  near  the  common  0.  affinia, 

VOL,  XI.  4  I 
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Report  on  the  Sponges.     67  Professor  Franz  Eilhard  Schoke. 

Station  No.  2,  July  29,  1880 ;  275  fathoms. 

(1)  Two  medium-sized  specimens  of  Tisiphoma  affarici/ormis, 
Wyville  Thomson  {Depths  of  the  Sea^  p.  74). 

(2)  An  irregularly  triangular  flattened  disc  about  15  square 
centimetres  in  area  and  2*5  mm.  thick,  flexible,  and  of  the  consistency 
of  leather.  One  edge  is  irregularly  torn,  the  two  others  are  rounded 
off  smoothly :  the  latter  evidently  represent  the  free  margin  in  its 
normal  condition.  The  surface  on  both  sides  exhibits  a  system  of 
round  pit-like  depressions  about  1  mm.  broad,  between  which  is  left 
a  level  reticulate  lattice-like  network  of  trabeculse,  which  also  ha?e 
a  thickness  of  1  mm.  Large  numbers  of  short  siliceous  spicules 
occur,  pointed  at  one  end  and  blunt  at  the  other ;  they  are  united 
into  a  loose  skeleton  of  tri-  or  quadri-lateral  meshes  by  an  extremely 
small  amount  of  homy  substance,  and  are  all  of  the  same  form  and 
size.  Thus  the  sponge  under  notice  is  a  Beniera  (in  the  broad 
sense  of  the  word).     The  species  was  hitherto  unknown. 

(3)  A  coarsely  woven  mass  of  siliceous  spicules  made  up  of  long 
rod-like  and  abundant  smaller  quinque-  and  sex-radiate  forms  -,  it  was 
probably  derived  from  a  Holtenia, 

Station  No.  3  ;  53  fathoms. 
Tetilla  Cranium,  MiilL 

Station  No.  7 ;  530  fathoms.  A  packet  of  long  tuft  spicules  from 
a  Hexactinellid,  most  probably  a  Holtenia, 

Station  No.  8;  540  fathoms.  Several  examples  of  StytorUn 
niipitata,  Oscar  Schmidt  {Sponges  of  the  Gulf  of  Mexico,  p.  79),  a 
species  identical  with  Polymastia  stipitata,  Carter  (Anncds  of  NaL 
Hist,  1876,  ser.  4,  voL  xviii.  p.  393.) 

Besides  adults,  young  forms  also  occur,  which  exhibit  a  roundish 
head. 

Report  on  the  Foraminifbra.     By  Henry  B.  Brady,  F.RS. 

This  Report  was  received  by  the  late  Sir  C.  Wyville  Thomaon, 

in  November  1880. 

Sea-bottoms. — Specimens  of  the  sea-bottom  from  five  localities 
have  been  examined  and  the  Foraminifera  determined.     I^artkulan 


of  Edinburgh,  Session  1881-82.  709 

as  to  locality,  physical  conditions  and  the  like,  are  given  in  the 
following  summary.  The  letters  A,  B,  C,  D,  E  correspond  to  the 
headings  of  the  columns  in  the  distribution-tahle,  and  are  otherwise 
used  for  reference. 

A.  "Station  1.— July  27  ;  lat  60'  4'  K,  long.  7°  37'  W, ;  depth 

305  fathoms;  bottom  temperature,  47*1*  Fahr. ;  surface  tem- 
perature, 54 '8°." 

Greyish-brown  sandy  mud,  leaving  but  little  residue 
after  washing,  and  that  chiefly  hard  silicious  sand,  with 
larger  dark-coloured  fragments.  But  few  Foraminifera, 
principally  of  large  coarse  types  such  as  Anomalina 
coronatay  Truncatulina  refulgem,  and  Tr,  lobaitda  and 
Uvigerina  pygmcea. 

B.  "Station  2.— July  29 ;  lat.  60"  29' K,  long.  S**  19'  W. ;  depth, 

375   fathoms ;    bottom    temperature,   31  'O'   Fahr. ;    surface 

temperature,  53*0*." 

Brownish  sandy  mud,  with  a  good  many  small  fragments 
of  rock  of  darker  colour.  Foraminifera  by  no  means 
abundant — the  most  conspicuous  genera  being  Globigeriiia, 
Polystomdla^  Noniomna,  and  Casddulivu.  One  or  two 
specimens  of  the  interesting  sessile  species  Rupertia  stahilis 
were  found  in  this  gathering.  A  considerable  proportion 
of  the  Globigerince  were  of  the  small  arctic  variety,  OL 
horealis, 

C.  "Station  4.— August   10;  lat  59"  33'  K,  long;  V  14'  W. ; 

depth,  555  fathoms ;  bottom  temperature,  45*4'  Fahr. ;  sur- 
face temperature,  57 '0"." 

Grey  Glohigerina-oom,  leaving  very  little  residue  after 
washing.  The  residue  composed  almost  entirely  of  the 
shells  of  Foraminifera,  chiefly  of  Globigeriria  btUloides  and 
GL  inflata, 

D.  «  Stations  6  and  7.— August  12;  lat.  59"  37'  K,  long.  7"  19' 

W. ;  depth,  530  fathoms;  bottom  temperature,  45*9"  Fahr. ; 

surface  temperature,  56*6°." 

Globigei-ina-oozie  very  rich  in  arenaceous  types  of  Rhizo- 
poda,  notably  Astrorhiza,  Rliabdammina,  and  MarsipeUa, 
with  occasional  examples  of  Saccammina  and  Stortho- 
aphcera.     Of  the  hyaline  species,  Rotalia  orbicularis^  by  no 
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means  a  common  form,  alone  requires  notice — the  specimens 
being  not  only  plentiful  but  unusually  fine. 
K  «  Station  8.— August  17;  lat  60'   3'  N.,   long.  6"   51'  W.; 
depth,  540  fathoms;  bottom  temperature,  29*2**  Fahr. ;  sur- 
face temperature,  56*5*." 

Muddy  sand.     Of  arenaceous  Ehizopoda,  Reophax  sabur 
losa  and  R.  ecorpiurua  are  the  most  remarkable.    The  former 
is  a  large  rare  species,  only  previously  known  by  specimens 
from  one  of  the  "  Porcupine  "  stations.     The  latter  is  cos- 
mopolitan, but  in  this  particular  dredging  is  particularly 
abundant     Of  the  calcareous  types,    Comuspira   claims 
attention  from  the  gigantic  size  of  some  of  the  specimens, 
and  Lagena  from  the  long  list  of  species  found ;  PuUenia 
sphceroides  and  Gamdulina  Icevigata  are  also  prominent 
forms.     A  large  proportion  of  the  Globigerince  are  of  tho 
small  northern  thick-shelled  variety. 
Detailed  lists  of  the  Foraminifera  from  the   several  localities 
are  furnished  in  the  following  table.     It  will  be  seen  from  the 
temperatures  recorded  in  the  foregoing  summary  that  the  columns 
headed  A,  C,  and  D  represent  the  Bhizopod-fauna  of  a  warm  sea- 
bottom,  B  and  £  of  a  cold  area. 

A  comparison  of  the  Bhizopod-fauna  of  the  cold  sea-bottom,  repre- 
sented by  column  £,  with  that  of  the  warmer  area  typified  by  C 
and  D,  suggests  some  interesting  facts  in  connection  with  the  dis- 
tribution of  species.     The  larger  arenaceous  types  pertaining  to  tbe 
family  AstrorkizidcBf  such  as  Astrorhiza,  Saccammina^  StortJioBpkasrOj 
Bhahdammina,  JaciileUa,  Margipdla,  and  HyperamminOf  are  for 
the  most  part  conspicuously  absent  from  the  colder  portion  of  the 
channel,  and  appear  to  be  partially  replaced  by  the  weaker  forms  of 
lAhwUdcB,     The  genus  Btdimina  in  its  typical  condition  affects  the 
warm  area ;  whilst  in  the  cold,  the  starved  transition  varietieB  which 
constitute  the  sub-genera  Bolivina  and  Virgrdina  abound.     The 
genus  Lagena  is  represented  in  the  cold  region  by  a  list  of  fifteen 
species ;  in  the  warm  by  only  eight    The  little  thick-shelled  QlM- 
gerina  horealisy  so  far  as  we  know,  is  confined  to  the  cold  area,  and, 
as  has  been  stated,  the  gigantic  Comuspira  sMolata  ia  similarly 
limited  in  distribution.     How  far  these  facts  may  indicate  genenl 
laws  can  only  be  determined  by  further  investigation,  and  on  the  com- 
parison of  a  larger  series  of  soundings  than  are  at  present  available. 
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A 

B 

C 

D 

£ 

Biloailina  ringens  (Lamk. ) 

X 

X 

cUpressa,  D'Orb. 

X 

comaUif  Brady     . 

X 

eUmgata,  D'Orb. 

X 

X 

Planispirina  eontraria  (D'Orb.)    . 

X 

MUiolina  seminulum  (Linn.) 

X 

X 

X 

X 

trUfonula  (Lamk.),  var. 

X 

iricariTUjUa  (D'Orb. 

X 

' 

X 

X 

celaia  (Costa) 

X 

X 

X 

Ccmiispvra  HriokUa,  nov.    , 

X 

cariTuUa  (Costa) 

X 

involvens,  Renss 

x(?) 

x(?) 

crassiseptaf  nov. 

X 

PaammosphcBra  fusca,  F.  K  Schulze 

X 

Saceammina  sphoBrica,  M.  Sars    . 

X 

Adrorhiza  arenaria,  Norman 

X 

Storthosphcera  albida,  F.  £.  Schalze 

X 

Ehadammina  abyssorumj  M.  Sars 

X 

X 

disoreta,  Brady 

X 

comiUay  Brady 

X 

Jaculella  obtusaf  nov. 

X 

Manipella  dongata,  Norman 

•   X 

cylindrica,  nov. 

X 

Hyperammina  elongcUa,  Brady    . 

X 

X 

ramosa,  Brady 

X 

X 

Beophax  difflugiformis^  Brady 

X 

X 

X 

scorpiurus,  de  Montfort . 

X 

X 

adunea,  nov. 

X 

guUifera,  Brady    . 

X 

sabulosaf  Brady     . 

X 

Haplophragmium  eananenae  (D'Orb.) 

X 

X 

svhglobosum  (M.  Sars) 

X 

scttulum,  Brady 

X 

simpUXf  Reuss. 

X 

UnuimargOy  nov. 

X 

PlaeopsUiTUi  vesieulariSf  Brady    . 

X 

Troehammiiia  aquamataj  P.  &.  J. 

X 

eharoidest  J.  &  P.  . 

X 

Webbina  davata,  J.  &  P.     . 

X 

Cydammina  cancellcUa,  Brady     . 

X 

Thurammina  papillatat  Brady    . 

X 

TexttUarUi'aagiUulaj  Defrance     . 

X 

trockus  {jyOrh.) 

X 

cupera,  nov. 

X 

Vtmeuilina  pygnuBa  (Egger) 
Oaitdryina  pupoideSf  D'0?b. 

X 

X 

X 

FalvultTM  fusea  (Will ) 

X 

Bulimina  marginala,  D'Orb. 

X 

X 

pymlay  D'Orb.    . 

X 

tnd>iere8^  Brady    . 

X 

X 

Virgulina  Sehreibersiaruif  Czjzek. 

X 

squamosa,  D'Orb. 

X 

X 

Boldvina  pundata,  D'Orb 

X 

X 

dilcUata,  Reuss 

X 

pygnuxa,  Brady 

X 

X 

ceiuiriensis  (Costa) . 

X 

Cassidulina  Ictmgaia,  D'Orb. 

X 

X 

X 

X 

X 

crosses  D'Orb.  . 

X 

X 

X 

X 

Lagena  glohosa  (Montagu)    . 
IcBvis  (Montagu) 

X 

X 

apwtdata^  Renss 

'       X 

X 
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A 

B 

D 

c 

E 

Lagenaaeulaf  (Keuss) 

X 

X 

graeillima  (Seg.) 

X 

X 

X 

marginata,  W.  &  J. 

X 

orbignyana,  Seg, 
distoma,  P.  &  J. 

X 

X 

X 

X 

»<rtato  (D'Orb.) 

X 

X 

aemistriaJta,  Will.     . 

X 

svlccUa  ( W.  &  J. )     . 

X 

X 

jmlehella,  Brady 

X 

lineata  {Will) 

X 

truilo  (D'Orh.)  .        .        .        . 

X 

Bquamosa  (Montagu) 

X 

X 

X 

X 

tageTundeSf  WilL 

X 

hispida,  Reuss 

X 

Nodosaria  (0.)  kevigata,  D'Orb. 

X 

X 

(0^.)  ro^un(2ato,  Reuss 

X 

simplex^  Silv. 

X 

jca/am  (Batsch.) 

X 

X 

X 

X 

(2>.)  communiaf  D'Orb. 

X 

(D.)  aoluta,  Reusa 

X 

(D.)  pauperata,  D*Orb. 

X 

Vaginvlina  linearis  (Montagu)    . 

X 

X 

spinigera,  Brady 

X 

Marginulina  glaJbra^  D'Orb. 

X 

costcUa  (Batsch.) 

X 

Cristellaria  rotvXata,  Lamk. 

X 

X 

X 

X 

cultrata  (de  Montfort) 

X 

reniformiSf  D'Orb. 

X 

Polymorphina  Uictea  (W.  &  J. )    . 

X 

X 

X 

Uvigerina  pygirwBa,  D'Orb. . 

X 

X 

X 

anguJosay  Will.     . 

X 

X 

X 

X 

GMngerina  htdUndes,  D'Orb. 

X 

X 

X 

X 

X 

inflcUa,  D'Orb.  . 

X 

X 

X 

X 

X 

huUoidea,  var.  horealis 

X 

X 

X 

{OrhiUina)  universa,  D'Orl 

J.                  X 

X 

X 

X 

X 

JJtistigerina pelagica  (D'Orb.) 

X 

X 

Pullenia  sphceraides  (D*Orb. ) 

X 

X 

X 

quinqudoha,  Reuss 

X 

X 

X 

Sphceroidina  bulloides,  D'Orb. 

X 

X 

Spirillina  vivipara,  Ehrenb. 

X 

PcUellina  corrugata,  WilL    . 

X 

PlanorbtUiiui  ariminensis  (D'Orb. ) 

X 

X 

{Truncatulina)  lobatula 

(W.  & 

.J.)           X 

X 

X 

X 

X 

(Tr.)  reftUgena  (de  Mont 

)             X 

X 

(Tr.)  variMliSy  D'Orb.  . 

X 

X 

{AnomcUina)  coronaia,  P. 

&  J.          X 

' 

EupeHia  stahilis,  WalUch.  . 

X 

PtUvintUina  repanda  (F.  &  M.)    . 

X 

karsUni  (Reuss) 

X 

X 

menardii  (D'Orb.)    . 

X 

X 

eanariensis  (D'Orh.) 

X 

X 

scitulat  nov.     . 

X 

X 

X 

micheliniana  (D'Orb. ) 

X 

X 

X      1 

Holalia  orbicularis^  D'Orb.  . 

X 

X 

X 

Nonionina  sUlligera,  D'Orb. 

X 

X 

8eapha{¥.  &M.) 

X 

1 

X 

, 

turgida  (Wm.)   . 

X 

X 

X 

X 

umhilicatula  (Montagu) 

X 

X 

X 

X 

Polystomtlla  strioto-puudata  (,F.  &  M.) 

X 

X 

X 

X 

Cjpcrcultna  amnumoidM  l^^Toii.^  . 

\ 

X 

X 

_-^ 
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The  following  notes  refer  to  species  mentioned  in  the  foregoing 
table,  which  are  either  new  to  science  or  otherwise  present  points  of 
interest : — 

Planispirina  contraria  {BUomlina  contraria,  d'Orbigny). — Dr. 
Steinmann  {Neues  Jahrh,  fur  Min,^  1881,  voL  L  p.  37,  pL  2), 
describes  in  detail  the  structure  of  the  shell  in  this  species,  and 
shows  sufficient  grounds  for  separating  it  from  the  genus  Bilo- 
eidina.  In  point  of  fact,  it  is  an  intermediate  sub-type,  more  nearly 
resembling  Hauerina  than  Biloculina,  but  differing  from  the  former 
in  two  important  particulars,  namely,  the  alar  extension  of  the 
chamber-walls  over  the  lateral  surfaces  of  the  test,  which  imparts 
to  the  shell  a  laminated  structure  like  that  of  a  nummulite,  and 
the  simple  arched  orifice  instead  of  a  cribrate  aperture.  On  the 
basis  of  the  former  of  these  characters  Dr.  Steinmann  proposes  for 
it  the  generic  term  NummolocultncL 

My  friend,  the  Eev.  A.  M.  Norman,  placed  in  my  hands,  long 
ago,  some  specimens  dredged  in  the  Faroe  Channel,  which  were  in 
the  collection  of  the  late  Edward  Waller.  These  belong  to  a  closely 
allied  species,  and  have  been  regarded  as  somewhat  anomalous 
HauerincB,  More  recently.  Professor  Seguenza  of  Messina  has  had 
the  goodness  to  send  me  examples  of  his  Planispirina  communis 
{Mem,  R,  Accad,  Lincei,  1879-80,  vol.  vi.  p.  310,  pL  xvii  fig.  18), 
and  I  find  them  to  be  quite  indistinguishable  from  Mr.  Waller^s 
unnamed  form ;  in  both  the  laminated  structure  is  even  more  ap- 
parent than  in  PL  contraria.  Under  these  circumstances  Professor 
Seguenza's  generic  term  takes  precedence  of  the  more  appropriate 
one  suggested  by  Dr.  Steinmann.  The  "  Challenger "  species 
described  as  Hauerina  exigua  {Quart,  Jcmr,  Micr,  8ci,y  vol.  xix. 
n.  8.  p.  267)  must  be  referred  to  the  same  genus;  and  there  is 
still  another  more  aberrant  modification  amongst  the  '*  Challenger  " 
gatherings,  to  which  the  MS.  name  PL  sigmoidea  has  been  applied. 

Comuspira  striolata,  nov.,  resembles  the  typical  C,  foliacea  in 
general  characters,  but  the  last  convolution  widens  rapidly, 
spreading  out  and  imparting  to  the  test  a  contour  very  similar 
to  that  of  the  wide  "  bonnet-shaped "  varieties  of  Peneroplis, 
The  specimens  sometimes  attain  extraordinary  dimensions,  the 
largest  hitherto  found  being  one  from  Station  E,  which  mea- 
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sures  more  than  an  inch  in  diameter  (1*2  inch  or  31  mm.); 
a  second,  somewhat  thicker  proportionately,  measures  *45  inch, 
or  nearly  12  mm.  Both  of  these  have  a  surface  ornament  of 
fine,  raised,  closely-set  strise,  parallel  to  the  direction  of  growth, 
not  ahsolutely  straight  and  continuous,  hut  taking  a  slightly 
waved  and  irregular  course. 

Comuspira  tnvolvens,  Reuss. — The  specimens  from  both  localities 
are  somewhat  doubtful ;  they  have  fewer  convolutions  than  usual, 
and  it  is  just  possible  they  may  be  the  tubes  of  minute  annelid& 

Gomuspira  crasaiseptay  nov. — Convolutions  very  narrow  and  nume- 
rous, especially  near  the  centre,  as  in  (7.  involves;  but  the 
peripheral  edge  is  nearly  square  instead  of  rounded,  and  the 
spiral  septal  wall  is  thick,  and  marked  externally  by  a  raised 
limbate  line.  Diameter  ^  inch,  or  0*56  mm. 
This  is  the  isomorph  in  the  porcellanous  series,  of  a  somewhat 

rare  perforate  form,  Spirillina  limhatcu 

Bhahdammina  comutoy  Brady. — ^This  is  the  species  previously 
described  under  the  name  Astrorhiza  comtUa  {Quart,  Jour.  Mier. 
Scif  vol  xix.  n.s.  p.  43,  pL  iv.  figs.  14,  15),  but  the  structure  of 
the  test  accords  better  with  the  firmly-cemented  shell  of  Rhab- 
dammtna  than  with  the  thick,  loose,  sandy  investment  of  AstrorhizOy 
and  its  position  has  been  changed  accordingly. 

Jacvldla  obtusa,  nov. — Test  long,  cylindrical,  nearly  straight,  con- 
sisting of  a  tapering  tube,  commencing  in  a  small  bulboiu 
chamber,  and  gradually  increasing  in  size  to  the  opposite 
extremity,  which  is  broad  and  open.  Texture  coarsely  arena- 
ceous, hard  and  firmly  cemented ;  exterior  rough.  Length, 
^  inch,  or  8*0  mm. 

It  is  possible  that  this  may  be  only  a  variety  of  JaculMa  aeuia, 
from  which  it  differs  chiefly  in  having  a  small  inflated  primordial 
chamber  instead  of  terminating  in  a  point,  and  in  its  generally  more 
slender  contour.  Of  all  arenaceous  Foraminifera  JacideUa  appein 
to  have  the  hardest  and  most  firmly  cemented  test ;  at  any  rate,  it 
is  the  one  of  which  it  is  most  difficult  to  obtain  a  salia&ctoiy 
section  by  ordinary  methods. 

Marsipella  cylindrical  nov. — Amongst  the  Arenacea  foimd  in  tbe 
material  from  D.,  are  a  number  of  delicate  cylindrical  tubes,  of 
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nearly  even  diameter,  built  up  of  short  spoDge-spicules  laid 
side  by  side^  and  forming  irregular,  more  or  less  interlacing 
tiers.  The  largest  specimen  is  about  a  quarter  of  an  inch  (6 
mm.)  in  length,  and  y|^  inch  (0*17  mm.)  in  diameter,  but  such 
pieces  can  only  be  regarded  as  fragments  of  an  organism  that 
may  be  developed  almost  indefinitely.  The  species  is  mani- 
festly closely  related  to  Marsipella  elongata^  with  which  it  is 
found  associated.  Similar  fragments  occur  in  one  or  more  of 
the  "  Porcupine "  dredgings,  and  less  characteristic  specimens 
at  two  of  the  **  Challenger ''  stations. 

Reophax  difflugiformis,  Brady. — There  seemed  a  possibility  that 
this  species  might  turn  out  to  be  only  the  primordial  chamber  of 
JL  seorpiurtis^  but  as  it  exists  in  abundance  in  one  of  the  dredgings 
(D)  in  which  no  specimen  of  the  latter  has  been  found,  it  is  evident 
that  it  holds  an  independent  position. 

Beophax  adiinca,  nov. — Test  moniliform,  consisting  of  a  crooked 
line  of  inflated  segments,  irregular  in  size,  but  of  nearly  equal 
diameter.  External  constrictions  between  the  segments  com- 
paratively slight ;  walls  thin,  rough  externally.  Length  inde- 
finite, specimens  seldom  found  with  either  end  entire ;  those 
which  have  been  measured  are  about  ^  inch  or  2  mm. 

Reophax  eabulosa, — This  is  the  Reophax  rudU  of  a  previous  paper 
(Quart.  Jour,  Micr.  8ci,  voL  xxL  n.  &  p.  49).  The  specific  term 
mdis  being  preoccupied  by  a  distinct  form,  figured  by  Costa  as  a 
Nodosaria^  an  alteration  of  name  becomes  necessary. 

Haplophragmium  tenuimargoy  nov. — ^Test  elongate,  crosier-shaped, 
much  compressed;  lateral  edges  very  thin:  Spiral  chambers 
few  and  small ;  linear  segments  about  six  in  number,  broad, 
slightly  convex ;  septation  obscure ;  aperture  simple,  irregular 
in  form,  terminal;  texture  coarse,  surface  extremely  rough. 
Length  of  largest  specimen,  ^  inch  or  2*5  mm. 
This  is  a  somewhat  rare  species.     Specimens  have  been  met  with 

at  five  of  the  "  Challenger "  stations  in  various  parts  of  the  world, 

at  depths  varying  from  1000  to  3950  fathoms,  but  never  more  than 

one  or  two  specimens  from  a  locality. 

Texttdaria  asperay  nov. — An  obscure  few-chambered  Textularian, 
with  a  loosely-made  arenaceous  test,  not  uncommon  in  some  of 
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the  "Porcupine"  dredginge,  and  often  found  parasitic  upon 
EhaMammina,  occurs  in  the  material  from  Station  D.  In 
localities  where  it  is  abundant,  some  of  the  specimens  generally 
present  triserial  or  Vemeuiline  characters.  As  it  does  not  appear 
to  have  been  described,  I  have  given  it  the  provisional  name, 
T.  aspera, 

Cridellaria  reniformis,  D'Orbigny.  —  Under  this  species  are 
included  a  group  of  large,  flat,  more  or  less  carinate  CristeUaricBy 
common  at  moderate  depths  in  the  North  Atlantic,  presenting 
every  variety  of  contour  from  CristeUaria  compressor  D'Orb.,  to 
C.  rmiformis^  D'Orb.  {For.  Foas.  Vien.,  PL  IIL  figs.  32,  33  and 
41,  42). 

Globigerina  hulloides,  var.  horealis,  nov. — In  the  fear  of  intro- 
duciug  unnecessary  names,  I  have  been  unwilling  to  employ  a 
distinctive  term  for  the  small  thick-shelled  GloingeriruB  common 
in  cold  areas,  if  not  peculiar  to  them;  and  they  have  been 
treated  hitherto  as  starved  examples  of  the  species  to  which 
they  seemed  most  nearly  related  from  a  morphological  point  of 
view,  namely,  Olobigeidna  bidloides  and  GL  DtdertreL  They 
are,  however,  very  uniform  in  character,  and  the  more  they  are 
studied  the  more  distinct  and  easily  recognised  they  become. 
It  seems  desirable,  therefore,  that  their  peculiarities  should  be 
embodied  in  a  specific,  or  at  any  rate  in  a  varietal,  definition. 

The  test  is  of  smaller  dimensions  than  O,  Dutertret^  the 
longer  diameter  of  fully-grown  specimens  being  about  3  mm. 
(that  of  the  D'Orbignian  species  is  5  mm.),  and  it  has  fewer 
chambers,  aliliost  invariably  four  in  the  final  convolution. 
The  shell-wall  is  relatively  much  thicker  and  the  aperture  less 
conspicuous,  but  the  habit  of  growth  in  other  respects  is  veiy 
similar.  Compared  with  Globigerina  bidloides^  the  shell  is 
more  compactly  built,  its  segments  are  less  inflated  and 
globular,  and  it  has  no  umbilical  vestibule.  Under  the  name 
of  "  Globigerina  bulloideSy  arctic  variety,"  it  is  figured  in  the 
Ann.  and  Mag.  Nat  Hist  ser.  5,  vol.  L  pL  21,  fig.  1(X 

Pidvinulina  scitula,  nov. — A  variety  of  Ptdmnvlina  eanarieiuis, 
diflering  from  the  typical  form  in  its  relatively  small  aise  and 
compact  habit  of  growth.     The  margin  is  loonded  instead  of 
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sharp,  and  the  peripheral  ends  of  the  chambers  are  only  slightly 
convex  instead  of  standing  out  prominently  as  in  P.  canariensis. 
Notwithstanding  its  small  minute  dimensions,  it  generally 
attracts  attention  by  its  glistening  white  appearanca  Longer 
diameter,  y^  inch  or  0*25  mm. 

With  one  or  two  exceptions  all  these  species,  though  some  have 
been  undescribed  hitherto,  occur  in  the  material  obtained  on  the 
"Challenger"  and  "  Porcupine'*  expeditions,  so  that  figures,  as  well  as 
further  details  respecting  their  history  and  distribution,  may  be  left 
until  the  publication  of  the  "  Challenger "  report  on  Foraminifera. 
It  may  just  be  mentioned  that  the  empty  silicious  tests  of  one  of 
the  PhoBodaria  (the  form  with  Mr  Murray's  manuscript  name 
ClmU-engeria  naresi)  were  found  in  the  material  from  D  and  E. 

Surface  Fcyrms. — ^There  has  not  been  time  for  the  complete 
investigation  of  the  gatherings  made  by  the  tow-net,  and  the  fol- 
lowing notes  on  the  surface  fauna  are  based  upon  the  examination 
of  about  thirty  mountings  made  by  Mr  Murray.     As  these  are  from 

* 

material  taken  on  nine  different  days,  between  July  27  and  August 
12,  at  various  depths,  from  the  actual  surface  down  to  35  fathoms, 
and  vary  but  little  in  the  Foraminifera  they  contain,  they  are 
probably  suflBciently  representative. 

The  GlohigerincB  are  all  referable  to  01,  hullotdes,  Gfl,  inflatay  and 
OL  (Orbulina)  univeraa ;  the  specimens  are  small  and  thin-shelled, 
and  those  of  Globigerina  (proper)  are  non-spinous.  The  OrbtUince^ 
on  the  other  hand,  are  sometimes  armed  with  very  short  delicate 
spines.  No  specimens  of  Globigerina  borealis  occur  in  any  of  the 
surface  mountings,  and  no  Pvlmnulince.  The  absence  of  the  latter 
IB  in  no  way  remarkable,  for  none  of  the  species  known  to  be 
pelagic  are  present  in  any  considerable  number  in  the  dredged 
material ;  but  that  the  small  northern  variety  of  Globigerina,  which 
is  tolerably  abundant  as  a  bottom  species  in  three  out  of  the  five 
localities,  should  not  be  an  equally  prominent  constituent  of  the 
surface  fauna  is  a  noteworthy  fact. 
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Eeport  on  the  Gas  Contents  of  a  number  of  Samples  of  Sea  Water. 

By  Professor  Dittmar,  F.R.S. 

The  waters  were  left  at  my  laboratory  by  Mr.  Murray  in  the  month 
of  August. 

In  obedience  to  instructions  received  they  were  boiled  out,  the 
gases  collected,  measured,  and  analysed ;  care  being  taken  to  use  the 
same  methods  as  had  served  for  corresponding  work  done  in  connec- 
tion with  the  "  Challenger  "  expedition. 

The  samples  were  contained  in  bottles  of  about  one  litre's  capacity, 
provided  with  well-fitting  glass  stoppers.  The  bottles  were  almost 
full  to  the  top  ;  the  empty  air-space  amounting  to  only  7  c.c  or 
thereabouts.  The  samples  stood  in  my  laboratory  for  some  weeb 
before  I  received  my  orders  as  to  what  I  should  do  to  them ;  but 
they  were  carefully  protected  against  direct  sun-light,  or  elevation  of 
temperature  by  other  causes,  and  the  stoppers  never  lifted  before 
the  contents  were  taken  out  to  be  worked  up.  Hence  the  dissolved 
gases  are  not  likely  to  have  changed  much  either  qualitatively  or 
quantitatively  during  the  storage  of  the  waters ;  the  less  so  as  tlie 
percentage  of  oxygen  in  the  gas  minus  carbonic  acid  was  in  all  cases 
found  to  be  little  different  from  what  (according  to  my  analyses  of 
the  ''Challenger"  water-gases)  is  generally  met  with  in  surface 
waters. 

The  boiling-out  of  the  gases  was  effected  by  means  of  Jackobsen's 
apparatus,  the  flask  of  which  held  740  cc.  of  water.  The  flask  in 
each  case  was  charged  by  means  of  a  long  necked  wide  funnel  going 
to  the  bottom  of  the  flask ;  through  this  funnel  water  was  ran  in 
until  about  100  c.c.  of  water  had  run  over  the  edge  of  the  flask. 
This  100  cc.  of  water,  which  was  allowed  to  go  to  waste,  could  be 
assumed  to  include  all  that  portion  which  was,  to  more  than  the 
absolutely  unavoidable  extent,  affected  by  contact  with  the  atmosphere 
of  the  laboratory.  In  regard  to  the  rest  of  the  work  I  may  content 
myself  with  referring  to  my  report  on  the  "  Challenger  "  gases. 

Labels, 

L  "Bottom   Water  No.   31;  11th  August    1880.     Depth,  515 

fathoms." 
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II  "Bottom  Water,  No.  33;  17th  August  1880.  Depth,  540 
fathoms." 

ITL  "Bottom  Water,  No.  26;  4th  August,  1880.     Depth,  460 
fathoms.     Bona- Faroe." 

IV.  "Bottom  Water;  sounding  No.  11;  28th  July  1880. 
Depth,  270  fathoms." 

V.  "Bottom  Water;  27th  July  1880,     Depth,  560  fathoms." 
Supplementary  label : — "  This  bottle  was  broken." 

In  the  following  statement  of  the  results,  Vo  means  the  volume  in 
cubic  centimetres  (reduced  to  O"*  C,  and  760  millimetres,  and  absolute 
drjmess),  of  the  total  gas  extracted  from  one  litre  of  water,  vo 
means  the  volume  in  cubic  centimetres  of  the  nitrogen  and  oxygen 
contained  in  those  Vo  c.c.  of  total  gas,  similarly  reduced.  So  that 
Vo  -  vo  represents  the  carbonic  acid  (in  cubic  centimetres  and  reduced 
as  above)  per  litre  of  water. 


I. 

II. 

III. 

IV. 

V. 

Vo,         .... 

V0|               .... 

Per  centfl.  of  CO,  in  Vo, 
Per  cents,  of  0,  in  vo,    . 

24-49 
13-92 
43-16 
32-01 

25-47 
14-80 
41-88 
32-28 

18-77 
13-74 
26-80 
34-23 

20-08 
15-95 
20-59 
35-65* 

22-12 
14-40 
34-88 
32-88 

•  This  number  is  very  high  ;  possibly  it  may  be  infected  with  an  unobserved 
error.  Unfortunately  there  was  not  enough  of  material  to  repeat  either  the 
boiling  out  or  the  analysis  of  the  gas  resulting  from  the  one  boiling. 

(Signed)  W.  Dittmar. 

iVofe. — The  percentages  of  CO  2  are  rather  higL  The  percentages 
of  oxygen  (in  the  gas  freed  from  CO2)  are  decidedly  higher  than 
those  obtained  for  the  "  Challenger  "  waters  from  similar  depths. 

The  high  percentage  of  oxygen  is  owing  probably  to  the  relatively 
low  values  of  the  temperatures  at  which  the  waters  originally  absorbed 
their  air,  and  the  relative  absence  at  their  respective  situations  of 
decaying  organic  matter. 

May  11,  1882.  W.  D. 
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Rocks  of  North  Rona  collected  in  August  1880  on  the  North-east 
Spur  of  the  Island.     By  Prof.  A.  Renard  and  John  Murray. 

1.  Amphibolic  rock  with  a  more  or  less  schistose  structure,  fine 
grained,  breaking  in  elongated  fragments  following  the  plane  in 
which  the  crystals  of  hornblende  are  arranged.  It  contains  espe- 
cially black  brilliant  hornblende  with  the  cleavages  of  124°  30'. 
Also  quartz  and  some  grains  of  feldspar. 

2.  A  rolled  fragment  of  sandstone  (Cambrian  1),  red,  fine  grained, 
passing  to  arkose.  This  rock  is  essentially  composed  of  fragments 
of  quartz  more  or  less  rounded,  of  particles  of  hornblende,  of  epidote, 
of  mica,  and  of  more  or  less  altered  feldspar. 

3.  Qneiss  composed  of  lamellse  of  muscovite,  plagioclase,  ortho- 
clase,  and  quartz. 

4.  Qranitite  containing  plagioclase,  orthoclase,  quartz,  and  biotite. 

5.  Amphibolic  rock,  almost  entirely  formed  of  an  aggregation  of 
crystals  of  black  hornblende,  whose  dimensions  are  from  0*5  to  1  centi- 
metre, and  show  prismatic  cleavage.  Associated  with  the  hornblende 
are  granular  quartz,  lamellae  of  biotite,  and  orthoclase. 

7.  Rolled  pebbles  of  a  clastic  rock  (Cambrian?)  composed  of 
fragments  of  quartz,  more  or  less  rounded,  and  red  orthoclase. 

8.  Gneissic  rock  formed  of  quartz,  orthoclase,  lamellsd  of  biotite, 
and  rather  large  crystals  of  hornblende. 


2.  Notice  of  the  Solar  Eclipse  of  the  17th  May,  with  Remarks 
ou  the  Calculation.    By  Mr.  Edward  Sang. 

The  eclipse  of  the  31st  December  1880  was  not  seen  here,  and 
thus  we  lost  the  opportunity  of  comparing  the  computed  with  the 
observed  times. 

In  the  daily  papers  at  that  time  expression  was  given  to  a  feeling 
of  dissatisfaction  that  any  computation  should  have  been  added  to 
that  recorded  in  the  Nautical  Almanac  And  therefore,  while 
laying  before  the  Society  the  results  at  which  I  hare  arrived  in 
regard  to  the  coming  eclipse,  it  may  be  proper  for  me  to  explain 
how  such  an  investigation  comes  to  be  needed. 
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The  moon's  place  is  given  in  the  Almanac  to  the  tenth  part  of  a 
second  of  arc,  which  distance  is  passed  over  in  about  one-fifth  part 
of  a  second  of  time.  Now  with  a  telescope  of  moderate  power,  say 
50,  we  are  able  to  note  the  instant  of  contact  to  within  a  second ; 
and  hence,  in  order  to  get  the  full  advantage  of  our  comparison,  the 
calculations  must  be  made  at  least  to  the  nearest  second. 

The  elements  of  the  eclipse  are  only  useful  for  a  preliminary 
determination  sufficiently  near  to  give  the  limits  within  which  the 
strict  calculations  must  extend ;  and  the  local  times  given  for  our 
principal  observatories  are  only  to  tenths  of  a  minute ;  hence  it  is 
that  a  working  astronomer,  even  though  he  be  at  one  of  these 
observatories,  must  find  means  for  a  more  minute  determinar 
tion;  while  we  who  are  elsewhere  placed  must,  of  necessity, 
make  the  calculation  for  ourselves.  The  impossibility  of  having 
the  details  so  given  in  the  Almanac  as  to  suit  every  observer,  ia 
obvious. 

The  accompanying  six  figures  show  the  appearance  which  the 
sun  will  have,  as  seen  from  Edinburgh,  at  intervals  of  ten  minutes 
from  6^  30°^  trn  7^  20™  on  the  morning  of  Wednesday  the  17th ; 
and  the  times  of  the  principal  phases,  civil  reckoning,  are 

First  Contact  at  6^  25°>  56» 
Greatest  Phase  at  6  52  58 
Last  Contact         at     7   20    53 

At  the  middle  of  the  eclipse  200"  of  the  sun's  diameter  will  be 
covered. 

I  have  followed  a  method  of  computation  difiering  somewhat 
from  that  usually  adopted.  It  makes  a  considerable  part  of  the 
work  useful  for  all  places,  and  avoids  approximative  formulae. 

The  data  given  in  the  Almanac  make  it  a  very  easy  matter  to 
decide  on  the  limits  within  which  the  special  calculations  are  to  be 
mada  In  the  present  instance  the  times  wore  taken  at  intervals  of 
ten  minutes  from  18  20"  till  19**  30"*  Greenwich  time. 

The  first  step  was  to  interpolate  the  sun's  and  moon's  geocentric 
places,  and  to  compute  the  moon's  co-ordinates  in  relation  to  the 
earth's  equator,  to  the  meridian  of  a  known  observatory  (Edinburgh), 
and  to  a  plane  perpendicular  to  these  two.     For  this  part  of  the  work, 
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we  need  the  moon's  distance,  which  has  to  be  computed  back 
from  the  parallax.  I  venture  to  suggest  that  it  would  greatly 
facilitate  and  improve  the  computation  of  eclipses  and  occulta- 
tions,  to  have  the  logarithm  of  the  moon's  distance  printed  in  the 
Almanac, 

The  next  step  was  to  transpose  the  origin  of  co-ordinates  from 
the  earth's  centre  to  the  place  of  observation.  This  is  done  by 
the  simple  addition  or  subtraction,  as  the  case  may  be,  of  the 
co-ordinates  of  the  locality,  in  which  the  earth's  oblateness  and 
even  the  height  above  the  sea-level  may  be  taken  into  account 

Lastly,  from  these  local  co-ordinates  we  deduce  the  moon's 
apparent  position,  distance,  semidiameter  and  parallaxes.  Hence 
the  sun's  parallaxes  and  appareot  position,  the  distance  between 
the  centres  and  the  separation  of  the  limbs ;  the  item  last  named 
being  that  which  determines  the  eclipse.  These  results,  with 
their  differences,  are  as  under  : — 


Gr.  Time. 

Separation. 

8* 

a« 

a' 

h.     m. 

tt 

18    20 

-  927 

+  146-8 

If 

30 

+  54-1 

+  98-7 

-48-1 

It 

-4-5 

40 

+  152-8 

+   46-1 

-53-6 

-2-6 

50 

+  197-9 

-   11  1 

-66-2 

+8-0 

19    00 

+  186-8 

-   64-3 

-68-2 

+67 

10 

+  122-5 

-110-8 

-46-6 

+  9"2 

20 

+  11-7 

-148-1 

-87-8 

80 

-136-4 

From  this  we  see  that  the  first  contact  will  happen  between 
18^  20°»  and  18^  30°».  Putting  t  for  the  time  in  minutes  reckoned 
from  the  epoch  18^  30™,  and  using  differences  of  the  third  older, 
the  separation  has  the  value. 


-•0009l6f3_.2405^  +  12-3666/j  +  54-l-8ep»-0'. 
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Following  my  own  method  of  solution,  published  in  1829,  the 
operation  is  : — 


-•0055 

-  -4801 
+  -0220 

+  12-8667 
+  1-9204 
-   0440 

+  54-1000 
-49-4667 
-  8-8408 
+  -0587 

0- 
-4- 

-  -0055 

-  -4581 
+    8 

+  14-2431 
+    275 

+  -8512 

-   -8546 

8 

-4- 
-  -06 

-   0042 

-4-06 

Hence  the  first  contact  will  be  at 

18^  30°»  -  4"»  03»-6  =  18»»  25"»  56-4. 

The  greatest  phase  will  be  between  18^  50"  and  19^.  Putting 
t  for  the  time  in  minutes  from  the  epoch  18^  50™,  the  value  of  the 
separation  is  expressed  by 

+  -00050^  -  •2810/>  + 1  -6600f  + 197*9  =  sep», 

which  IB  to  be  a  maximum.  We  might  equate  the  derivatiye  of 
this  to  zero,  thus  obtaining  a  quadratic  equation,  but  it  is  much 
more  convenient  for  us  to  retain  the  cubic  form  and  to  determine  t 
80  as  to  render  the  derivative  zero,  thus  : — 


+  -0030 

--5620 

+ 1  -6500 

+  197-9000 

0- 

+  •0090 

- 1  -6860 
+   135 

+  4  -9500 
-  2-5290  . 
+    135 

8- 

+  0030 

-  -5680 

-  -0225 

+  200-3845 

8- 

1 

+   221 

9 

-  04 

-  -0004 

+200-8886 

2-96 
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giving  the  time  of  the  greatest  phase 

18^  52»  57».  6. 

and  the  greatest  eclipse  200''. 

By  this  very  short  operation,  we  have  solved  the  quadratic  and 
substituted  the  value  of  its  root  in  the  cubic  equation. 

Counting  the  time  in  minutes  from  19**  20™,  the  equation  for 
the  last  contact  is 

+  00155^  -  •1865^-13-0985^  + 11-7  -■ep'^O . 


+  -0092 

-  -8730 
+   83 

-13-0983 
-   -8857 
+    87 

+  117000 
-11-7885 
-  -1610 
+    11 

0- 
+  •9 

+  •0092 

-  -8747 

-18-4808 
+    66 

-  -2884 
+  -2417 

+  •9 
-  -018 

+  -0038 

+  -882 

showing  that  the  eclipse  will  end  at 

19^  20°»  52»-9  Green.  M.  S.  Time. 

Should  favourable  weather  allow  of  a  good  observation,  I  shiU 
compute  the  times  for  my  own  place,  and  submit  the  companson 
to  the  Society. 


3.  Some  Experiments  on  a  New  Secondary  CelL 
By  Mr.  A.  P.  Laubie,  B.Sc. 

Last  summer  I  communicated  a  paper  to  the  Society  on  aa 
Iodine  CelL  This  cell  consisted  of  a  carbon  and  zinc  rod 
immersed  in  solution  of  iodine,  in  iodide  of  potassium.  I  foond 
that  iodide  of  zinc  was  equally  suitable  to  dissolve  the  iodine  in,  tf 
mentioned  in  that  paper.  While  experimenting  with  this  odl» 
the  idea  occurred  to  me  of  using  it  as  a  secondary  batteiy.    WbcB 
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the  cell  is  ezhauated,  the  whole  of  the  iodine  has  combined  with 
the  zinc  to  form  iodide  of  zinc.  If  an  electric  current  is  passed 
into  this  exhausted  cell,  the  iodide  of  zinc  is  decomposed,  zinc  being 
deposited  on  the  zinc  plate,  and  iodine  being  set  free  at  the  carbon 
plate.  The  cell  is  now  ready  for  use,  and  will  give  a  steady  current, 
having  an  EMF  of  1*2  volts  until  the  iodine  is  again  combined 
with  the  zinc.  I  tried  several  experiments  on  this  cell  in  New- 
castle, with  a  view  to  testing  its  applicability  to  electric  lighting  as 
a  storage  battery. 

In  using  a  secondary  battery  for  practical  purposes,  it  is  neces- 
sary to  get  a  powerful  battery  of  considerable  storage  into  as  small 
a  space  and  weight  as  possible.  The  plates  must  therefore  be 
brought  close  together.  This  makes  it  impossible  to  employ  the 
usual  methods  for  protecting  the  zinc  plate  by  means  of  porous  cells. 
A  solution  of  iodine  acts  upon  zinc  to  form  zinc  iodide,  the  rate  of 
this  action  depending  very  much  on  the  strength  of  the  iodine 
solution.  I  directed  my  attention  to  finding  out  the  amount  of  waste 
in  the  cell  from  this  cause,  and  to  finding  out  ways  of  checking  it 
I  charged  the  cells  with  both  battery  and  '  dynamo,'  measuring  the 
current  put  in  and  taken  out  on  a  voltameter,  or  charging  two  ceUs 
and  using  one  at  once,  the  other  some  hours  afterwarda  I  had  great 
difficulty  in  getting  results  from  these  experiments,  and  was  at  first 
deceived  by  the  small  waste  in  a  cell  partially  chaiged.  I  ultimately 
found  that  in  a  fully  charged  cell  I  lost  about  |  of  the  full  charge 
in  a  few  hours.  This  enormous  loss  was  due  to  the  closeness  of  the 
plates,  the  strength  of  the  iodine  solution,  and  the  porosity  of  the 
zinc  deposit  The  cell  was  also  hot  from  the  charging  and  sub- 
sequent running  down.  The  great  rapidity  of  the  loss  up  to  a 
certain  point  prevented  me  from  discovering  it  at  first  I  used 
every  method  I  could  devise  for  checking  the  diffusion  of  the  iodine 
to  the  zinc  plate.  The  carbon  plate  was  covered  with  powdered 
carbon  to  make  a  large  absorbent  surface  for  the  iodine.  It  was 
then  wrapped  in  a  double  layer  of  parchment  paper,  and  placed  in 
a  narrow  zinc  box  forming  the  other  pole  of  the  celL  The  space 
between  the  carbon  and  the  zinc  (^  inch)  was  stuffed  with  paper 
pulp  from  the  paper  works,  which  pulp  had  been  steeped  in  iodide 
of  zinc  All  this  was  done  to  check  the  diffusion  of  the  iodine 
but  it  was  useless. 
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I  have  found  paper  pulp  very  useful  in  batteries  which  have 
to  be  carried  about.  It  is  capable  of  holding  80  per  cent  of 
its  weight  of  water,  when  not  squeezed.  It  is  soluble  in  strong 
iodide  of  zinc,  forming  a  transparent  jelly,  and  turns  black  in  the 
iodine  solution,  as  does  the  parchment  paper.  Iodide  of  zinc,  if 
exposed  to  the  air  in  presence  of  paper  pulp,  sets  free  iodina 

From  the  above  summary  of  my  attempts,  it  is  evidently 
hopeless  to  expect  a  practical  secondary  cell,  in  which  the  active 
agent  is  in  solution.  I  accordingly  tried  to  find  some  method  for 
storing  the  iodine  on  the  carbon  plate  in  an  insoluble  form.  It  is 
unnecessary  here  to  mention  the  various  substances  I  covered  the 
carbon  plate  with,  in  the  hope  that  the  iodine  would  form  with 
them  an  insoluble  compound  easily  decomposable.  The  only  sub- 
stance among  those  which  I  tried  that  worked  at  all  was  starch. 
This  took  up  a  certain  amount  of  iodine  when  spread  over  the 
carbon  plate  in  a  thick  paste,  and  the  cell  when  thus  charged  gave 
a  current.  These  experiments  were,  however,  brought  to  a  conclusion 
by  my  devising  the  cell  which  I  now  propose  to  describe  in  the 
remainder  of  this  paper. 

Cuprotis  Chloride  CeU, — In  this  cell  chloride  of  zinc  is  used,  both 
because  of  its  cheapness  and  of  the  higher  electromotive  force  it 
gives.  Iodide  of  zinc  may  also  be  used.  The  uncharged  cell  con- 
sists of  two  copper  plates  immersed  in  a  solution  of  chloride  of  fine 
By  passing  an  electric  current  through  it,  the  chloride  of  zinc  is 
decomposed,  zinc  being  deposited  on  the  one  copper  plate  and 
chlorine  being  separated  at  the  other  copper  plate.  The  chlorine 
never  appears  in  the  free  state ;  it  combines  with  the  copper  to  form 
cuprous  chloride,  an  insoluble  white  precipitate.  The  cnprons 
chloride  is  held  against  the  copper  plate  by  a  sheet  of  parchment 
paper.  This  cell  is  now  charged,  and  will  supply  a  current  onto  aU 
the  zinc  is  reconverted  into  chloride  of  zinc,  and  the  cuprous  chloride 
is  reduced  to  metallic  copper.  The  action  of  the  cell  is  quite  simple. 
As  soon  as  the  circuit  is  completed,  the  usual  electrolytic  state  is  set 
up.  The  chlorine  of  the  chloride  of  zinc  nearest  the  anc  deposit 
combines  with  the  zinc,  and  the  zinc  separated  at  the  other  plate 
combines  with  the  chlorine  of  the  cuprous  chloride  to  form  chloride 
of  zinc.     It  is  a  case  of  action  at  a  distance,  as  in  Grove's  gas  batteiy* 


of  Edinburgh,  Session  1881-82.  727 

What  is  curious  about  it,  to  my  mind,  is  that  an  insoluble  non-<M)n* 
ductor  should  enter  so  readily  into  the  action  of  the  celL  It  must 
be  remembered  that  the  zinc  is  never  separated ;  it  takes  up  the 
chlorine  Jb*om  the  cuprous  chloride  without  ever  appearing  as  zinc. 
It  is  impossible  that  it  should  appear  as  zinc,  and  it  is  therefore 
curious  that  it  should  ever  reduce  the  cuprous  chloride.  The 
reduction  of  the  cuprous  chloride  proceeds  from  the  copper  plate 
outwards.  This  question  of  what  insoluble  substances  will  enter 
into  the  action  of  a  battery,  and  why  they  do  so,  is  one  of  great 
importance,  if  primary  batteries  are  ever  to  be  cheap  sources  of 
electricity. 

This  cell  may  also  be  used  as  a  primary  battery,  one  pole  being 
a  zinc  plate  and  the  other  a  copper  plate  surrounded  by  cuprous 
chloride.  It  has  this  great  advantage  as  a  primary  battery,  there 
is  no  waste  from  diffusion  of  one  liquid  into  another,  as  in  the 
Daniell  celL  It  is  a  one-fluid  battery.  With  this  advantage  it  has 
also  the  advantage  of  the  Daniell  cell,  in  being  free  from  polarization, 
and  in  no  gas  being  given  off  during  its  working. 

I  measured  its  electromotive  force  on  a  Thomson  electrometer, 
using  a  Daniell  cell  as  my  standard.  Calling  the  electromotive 
force  of  a  Daniell  one  volt,  the  electromotive  force  of  my  cell  is 
•75  volt  To  return  to  the  secondary  cells.  The  first  point  I 
proceeded  to  investigate,  was  whether  the  cell  lost  its  charge  on 
standing.  This  would  only  take  place  in  a  properly  constructed 
ceU  by  the  solution  of  the  cuprous  chloride  in  the  chloride  of  zinc, 
and  its  diffusion  to  the  zinc  plate,  where  it  would  be  reduced  to 
metallic  copper,  chloride  of  zinc  being  formed,  or  by  some  local  action 
at  the  zinc  deposit,  between  it  and  the  copper  plata  This  local 
action  does  exist  to  a  very  slight  extent,  the  water  itself  or  traces 
of  other  salts  than  chloride  of  zinc  being  the  cause.  Chloride  of 
zinc  itself  cannot,  of  course,  produce  local  action  between  zinc  and 
copper.  The  other  form  of  loss,  namely,  from  the  solution  of  the 
cuprous  chloride,  I  investigated  as  follows : — I  made  up  a  small 
cell,  by  taking  a  copper  and  a  zinc  plate  of  about  4  square  inches 
surface,  with  wires  soldered  to  them,  wrapping  the  copper  plate  in 
parchment  paper,  and  tying  it  and  the  zinc  plate  together  with 
thread,  two  slips  of  wood,  about  a  ^  inch  thick,  being  put  between 
them  to  keep  them  apart     This  was  then  slipped  into  a  smaU 
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beaker,  containing  chloride  of  zinc  solution^  and  a  current  passed 
through  the  cell  from  a  bichromate  battery,  the  zinc  being  deposited 
on  the  zinc  plate.  The  chloride  of  zinc  used  was  the  commercial 
chloride,  and  this  sample  contained  little  or  no  lead  and  no  copper. 
This  cell  was  charged  for  about  three  hours,  and  then  left  stand- 
ing for  twelve  hours.  At  the  end  of  that  time  I  tested  the  ZnCl^ 
solution.  It  gave  a  brown  coloration  with  Qj^)  ^^^  ^^  precipitate. 
The  zinc  deposit  was  then  dissolved  in  HCl,  and  some  small  black 
flakes  were  left  insoluble  in  boiling  dilute  HCL  These  flakes 
dissolved  on  adding  a  little  chlorate  of  potash,  and  the  solution 
thus  prepared  gave  a  blue  coloration  with  ammonia,  and  a  very 
small  black  precipitate  with  KjS.  There  was  evidently,  therefore, 
copper  in  the  zinc  deposit,  but  it  was  only  a  trace.  Inside  the 
parchment  paper  there  was  plenty  of  cuprous  chloride,  which  was 
pure  white,  the  parchment  paper  itself  was  green.  I  made  several 
experiments  of  this  kind ;  sometimes  I  found  more  copper  than  at 
others.  On  these  occasions  the  parchment  paper  was  green, 
showing  the  presence  of  oxychloride,  and  therefore  of  cupric 
chloride.  This  was  caused,  I  believe,  by  air  bubbles  under  the 
parchment  paper.  Any  copper  found  on  the  zinc  plate  is  more 
likely  to  be  due  to  this  than  to  solution  of  the  cuprous  chloride. 
If  it  is  at  all  soluble  in  chloride  of  zinc  in  the  cold,  it  must  be  veiy 
slightly  so.  This  loss  from  copper  chloride  diffusing  cannot  be 
more  than  5  per  cent,  of  the  charge  in  forty-eight  hours ;  it  is  more 
likely  in  a  properly  made  cell  to  be  1  per  cent,  or  2  per  cent.  It 
is  difficult  to  settle  its  exact  amount. 

With  reference  to  the  formation  of  oxychloride,  I  noticed  one 
remarkable  phenomenon  which  I  cannot  explain.  If  moist  cuprous 
chloride  is  exposed  to  the  air,  oxychloride  is  formed ;  but  if  the 
moist  cuprous  chloride  is  wrapped  in  parchment  paper,  and  the 
outer  surface  of  the  parchment  paper  exposed  to  the  air,  the 
oxidation  seems  to  go  on  through  the  parchment  paper,  and  in  a 
few  hours  the  outer  surface  of  the  parchment  paper  is  covered 
with  a  green  slime  of  copper  salts,  that  have  in  some  way 
penetrated  it 

To  test  the  working  of  this  battery,  I  made  up  tome  primaiy 
eells  with  cuprous  chloride  and  zine  plates.  In  these  oells  I 
foolishly  used  linen  to  wrap  round  the  cuprous  chloride  paste^  and 


oj  Edinburgh,  Session  1881-82.  729 

it  came  tlirough  in  considerable  quantities,  thus  causing  a  great 
deal  of  waste. 

One  of  these  cells  was  put  on  a  voltameter  consisting  of  two 
copper  plates,  "both  weighed,"  separated  by  two  strips  of  wood 
tied  together  with  string,  and  immersed  in  a  beaker  of  CuSO^  soL 
This  I  found  forms  a  very  good  voltameter  for  rough  purposes, 
and  as  the  plates  are  very  close  together  its  resistance  is  low,  which 
is  of  course  important.  By  weighing  both  plates,  and  taking  the 
mean,  the  results  are  fairly  accurate.  I  used  ordinary  sheet  copper, 
but  no  doubt  electro-deposited  copper  would  be  better.  I  describe 
this  form  of  voltameter,  because  the  form  described  in  Wiedemann's 
Galvanismttfiy  namely,  a  platinum  crucible  with  a  silver  rod  in  the 
centre,  is  only  of  use  in  very  special  and  small  experiments.  It  is 
very  expensive  and  troublesome  to  work  with.  In  this  experiment, 
then,  I  found  that  after  the  cell  had  run  six  hours,  the  difference 
between  the  weight  of  zinc  dissolved  and  the  equivalent  weight  of 
copper  deposited  represented  a  loss  of  1 5  per  cent  85  per  cent,  of  the 
zinc  dissolved  had  been  returned  as  deposited  copper,  notwithstand- 
ing that  I  had  used  linen,  which  caused  considerable  waste.  I  then 
measured  the  internal  resistance  of  a  cell  of  28  square  inches 
surface,  and  having  a  distance  of  \  inch  between  the  plates,  and 
found  it  to  be  *15  ohm.  I  have  reduced  the  resistance  very 
considerably  below  this  in  recent  ceUs. 

I  also  made  up  twelve  primary  cells  of  28  square  inches  surface 
each,  and  used  them  to  illuminate  a  small  Swan  lamp,  measuring 
the  current  and  the  candle  power. 

These  experiments  also  gave  very  satisfactory  results. 

When  I  begaa  to  charge  one  of  these  ceUs,  however,  measur- 
ing the  current  on  a  tangent  galvanometer,  I  found  to  my 
astonishment,  that  the  current,  starting  at  the  strength  to  be 
expected  from  the  EMF  of  the  external  battery  and  the  resistance 
of  my  cell,  rapidly  fell  off,  so  that  in  a  few  seconds  the  current 
indicated  an  increase  of  resistance  in  the  cell  from  a  few  tenths 
of  an  ohm  to  as  much  as  thirty  ohms.  At  this  point  the  current 
would  remain  stationary.  On  now  attaching  the  cell  to  the  gal- 
vanometer a  powerful  current  would  flow  from  it,  indicating  that  it 
had  instantaneously  returned  to  its  normal  internal  resistance.  At 
first  I  supposed  that  this  was  due  to  some  polarization  set  up  in  the 


730  Proceedings  of  the  Boyal  Society 

cell  greater  than  the  legitimate  electromotiye  force  of  the  celL  But  it 
is  impossible  to  suppose  so  high  an  opposing  electromotiye  force 
being  set  up  as  this  explanation  would  require,  and  there  is  nothing 
in  the  chemical  reactions  of  the  cell  to  account  for  it.  I  have  also 
observed  a  cell  get  very  hot  under  the  influence  of  a  powerful 
current,  no  doubt  on  account  of  its  great  resistance.  I  set  to  work 
to  remove  this  difficulty  in  the  use  of  the  cell  as  a  secondary  battery, 
both  chemically  and  mechanically.  To  remove  it  mechanically  I 
increased  the  surface  of  the  copper  plate  by  covering  it  with 
precipitated  copper.  This  was  a  great  improvement,  the  resistance 
accumulating  with  comparative  slowness.  I  found  that  the  nature 
of  the  precipitated  copper  had  a  great  effect,  and  at  last  got  the 
best  results  by  the  reduction  of  a  paste  of  cuprous  chloride  covering 
the  copper  plate.  I  reduced  it  by  replacing  the  other  copper  pkte 
with  a  zinc  plate,  and  running  down  the  cell  thus  formed.  A  firm 
spongy  surface  of  copper  was  thus  formed,  usually  red  in  colour. 
A  still  further  improvement  was  made  by  covering  this  copper 
surface  with  a  sheet  of  copper  gauze,  the  copper  gauze  being  toldered 
by  wires  to  the  copper  plate.  The  purpose  of  this  gamoe  was  to 
produce  two  surfaces  of  action,  one  on  each  side  of  the  precipitated 
copper,  also  to  steady  the  current  flowing  from  the  cell  when  it 
was  charged,  by  preventing  its  internal  resiBtance  from  changing  so 
much  as  it  would  otherwise  have  dona  I  have  cnrvee  showing 
the  gradual  improvement  in  charging  capacity  of  the  colL  These 
curves  were  plotted  after  each  experiment  I  attach  grett 
importance  to  this  surface  of  wire  gauze,  both  in  the  primaiy  and  in 
the  secondary  celL 

The  way  I  propose  to  use  it  in  the  primary  cell  is  as  follows  :•— 
Let  us  suppose  a  primary  cell  consisting  of  a  jar  containing  ciqproiis 
chloride,  with  a  copper  plate  round  the  inside  as  the  one  pde,  and 
with  a  small  porous  pot  in  the  centre  containing  a  zine  rod  and 
chloride  of  zinc  solution.  The  resistance  of  this  cell  would  be  con- 
siderable at  first,  and  as  the  cuprous  chloride  was  gradually  reduced 
from  the  copper  plate  in  towards  the  centre,  leaving  behind  it 
copper,  the  resistance  of  the  cell  would  become  less^  and  in  this  way 
a  gradually  increasing  current  would  be  supplied.  But  if  we  had 
a  cylinder  of  copper  gauze  surrounding  the  porouB  pot^  and  in 
metcdlic  connection  with  the  copper  plate,  it  would  form  anothsr 
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surface  of  action,  and  would  keep  down  the  resistance  of  the  cell 
from  the  first 

I  tried  to  reduce  the  accumulation  of  resistance  chemically  hy 
introducing  small  quantities  of  various  zinc  salts.  I  found  nitrate 
of  zinc  had  a  wonderful  effect  in  preventing  an  accumulation  of 
resistance  though  put  into  the  cell  in  very  small  quantities.  I 
suppose  the  nitric  acid  set  free  on  the  copper  surface  kept  it  clean 
from  the  skin  of  cuprous  chloride,  to  which  the  accumulation  of 
resistance  is  no  douht  due.  Unfortunately  it  seems  to  demoralise 
the  cell.  It  is  impossible  to  get  the  chaige  put  into  the  cell  properly 
and  entirely  returned.  Why  this  should  be  I  do  not  know.  When 
I  found  the  introduction  of  the  nitrate  of  no  practical  use,  I  examined 
no  further  into  its  action.  I  have  therefore  had  to  be  content 
with  the  improvement  produced  by  the  porous  copper  and  the  wire 
gauze.  When  the  resistance  has  increased  to  such  an  extent  as  to 
cause  a  serious  waste  of  the  charging  current,  I  consider  the  cell  as 
fully  charged.  And  I  would  here  say,  that  in  secondary  batteries  as 
at  present  designed,  one  of  two  things  seems  to  be  inevitable, — gas 
is  g^ven  off,  or  resistance  accumulates. 

In  the  Plants  cell  the  peroxide  of  lead  formed  is  a  conductor ; 
consequently,  when  the  surface  exposed  is  nearly  all  oxidised,  gas  is 
given  off  the  oxidised  surface ;  to  the  modification  of  the  Plants  cell 
by  M.  Faure  the  same  remarks  apply.  In  my  cell  the  substance 
formed  is  a  non-conductor;  no  gas  is  given  off,  there  is  not 
even  a  smell  of  chlorine ;  but  as  the  surface  exposed  is  converted 
into  cuprous  chloride,  resistance  accumulates  in  the  celL  These 
secondary  batteries  may  simply  be  regarded  as  polarised  plates,  the 
amount  of  polarisation  depending  on  the  surface  exposed.  I  am 
afraid,  therefore,  that  it  will  be  very  difficult  to  store  a  large  amount 
of  energy  in  a  cell  of  small  surface  and  weight.  The  storage  in  the 
cells  invented  so  far  is  miserably  small,  and  mine  is  no  better  than 
the  rest  in  this  respect. 

Another  difficulty  in  this  battery  has  been  depositing  the  zinc 
successfully.  It  has  a  tendency  to  form  bunches  of  crystals,  which 
reach  across  the  cell  to  the  copper  plate,  and  form  metallic  connec- 
tion therewith.  The  charging  current  should  not  be  too  powerful, 
though  a  current  of  three  or  four  times  the  EMF  of  the  cell 
may  be  used,  and  it  should  be  stopped  when  the  resistance  becomes 
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eerious.  I  will  state  at  the  end  of  the  paper  at  what  resistance  I 
usually  stop  charging.  The  zinc  should  have  a  smooth  surface,  with 
no  edges  to  deposit  on.  It  deposits  hest  on  a  horizontal  plate,  as 
might  be  expected,  and  I  have  some  reason  to  believe  deposits  better 
for  haying  light  excluded.  This  point  would  require  careful  investi- 
gation. It  is  very  difficult  to  insulate  any  part  of  the  zinc  plate. 
The  zinc  appears  in  bunches,  having  come  through  invisible  holes. 
The  only  effective  insulation  I  have  found  is  sheet  gutta-percha. 

The  form  of  cell  I  most  frequently  use  is  a  tray  celL  Thin 
sheet  copper  is  folded  at  the  comers  on  a  wooden  mould  into  a 
shallow  tray,  with  sides  sloping  outwards.  The  bottom  of  each 
tray  has  stamped  in  it  a  depression  about  \  inch  deep,  across  which 
is  soldered  copper  gauza  The  sides  of  the  tray  are  carefully 
insulated  with  gutta-percha,  and  the  solder  varnished  or  plated  with 
copper.  The  shallow  depression  is  filled  with  cuprous  chloride 
paste,  through  the  holes  in  the  wire  gauze,  and  is  then  covered  with 
parchment  paper.  Each  tray  is  kept  apart  from  the  tray  beneath 
by  gutta-percha  supports,  or  by  a  piece  of  old  fishing-net  The 
cuprous  chloride  is  reduced  by  means  of  zinc  plates  inserted  into 
the  trays,  and  the  battery  is  ready  for  use.  The  only  objection  to 
the  trays  is  the  gradual  formation  of  bubbles  of  hydrogen,  when  a 
charged  cell  is  left  standing,  from  the  slight  local  action  on  the 
zinc  plate.  These  bubbles  cannot  escape  very  readily,  bat  it  seeoos 
sufficient  to  slightly  incline  the  cells.  The  electromotive  force  of 
this  cell  I  have  already  stated.  The  plates  may  be  brought  very 
close  together,  as  very  little  water  is  sufficient  to  dissolve  all  the 
chloride  of  zinc  required.  The  resistance  is  conseqaenUy  veiy 
low,  a  primary  cell  of  1  square  inch  surface  having  a  resistance  of 
1*2  ohm. 

At  the  end  of  this  paper  I  give  a  summary  of  one  experiment 
with  a  primary  cell,  and  of  two  experiments  with  a  secondaiy  oelL 
The  storage  of  this  cell  for  a  given  surface  is  very  smalL  This  is 
to  be  expected,  from  what  I  have  already  stated  about  the  limited 
storage  of  secondary  cells.  With  so  small  an  £MF  as  mine,  it  is 
not  possible  to  store  much  on  a  given  surface.  The  mateiialB  of 
my  cell  are  so  light,  however,  that  I  can  store  about  30,000  ft  lb& 
for  every  lb.  weight  of  metal  in  the  cell. 

In  the  primary  cells  the  current  is  usually  pretty  steady  until 
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the  cell  is  nearly  exhausted,  it  then  falls  off  rapidly.  In  the 
secondary  cell  it  usually  falls  ofif  from  the  beginning,  or  at  any  rate 
very  soon  after  the  ceU  begins  to  run  down.  This  is  due  to  increase 
of  internal  resistance  from  the  using  up  of  the  cuprous  chloride  and 
the  zinc.  These  cells  usually  run  themselves  out  completely, 
leaving  no  zinc  deposit 

To  recapitulate  the  peculiarities  of  this  celL  It  is  a  one-fluid 
cell,  and  therefore  does  not  suffer  from  diffusion. 

Its  internal  resistance  is  very  low.  1  '2  ohm  for  1  square  inch 
surface.     Its  EMF  is  -75  volt. 

It  does  not  suffer  from  polarisation,  nor  does  it  give  off  any  gas 
either  during  charging  or  running  down. 

When  being  charged  it  increases  in  internal  resistance. 

The  experiments  on  the  next  page  are  selected  from  many,  as 
being  fairly  favourable  specimens  of  the  action  of  the  cell 

I  have  not  said  anything  here  on  my  views  of  the  practical 
application  of  secondary  cells  to  electric  lighting,  or  of  how  I 
propose  to  use  my  cell.  I  hope  to  be  able  to  lay  a  future  paper 
before  the  Society  on  this  subject  I  should  mention  that  this  cell 
has  been  patented  in  my  name  as  a  secondary  battery  by  Mr.  Swan 
of  Newcastle. 

Primary  tray  eeU,  6  sq.  in.  surface,*  weight  =  -J  lb. 
Current  varying  from  3*5  to  5*5  Amperes. 

Ist  minute,  4*2  Amperes. 

45th  minute,  4  Amperes,  then  rapidly  falling. 
Average  for  45  min.,  4  Amperes. 
Work  expended  in  circuit  =  5950  ft  lbs. 
Average  internal  resistance,  0*2  Ohm. 
16  tray  ceUs  occupying  4"  x  5"  x  4",  and  weighing  about 
3  lbs.,  supported  a  small  Swan  lamp  for  1  hour  10 
minutes  at  1  candle. 

Secondary  Tray  Cells, 

1st  cell    Surface  7  sq.  in.,  f "  between  trays. 
EMF  of  cell  before  use,  0*8  Volt 
After  12  minutes,  current  =  3*1  Amperes. 
EMF  =  0*7  Volt 

*  By  the  **  surCace  "  is  meant  the  stoface  of  one  plate,  not  of  both  together. 
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After  32  minutes,  current  =  2*2  Ampirea. 

EMF  =  0-7  Volt. 
After  52  minutes,  current  :=  1*3  Amperes. 
Work  expended  in  circuit  =  3660  ft  lbs. 
2nd  celL    Surface  7  sq.  in. 
After  first  minute,  current  =  0 '4  Amp6re& 
After  30  minutes,  currents 2*5  Amperes. 
Work  expended  in  circuit  =  2880  ft.  lbs. 


Monday,  5th  June  1882. 

The  Eight  Hon.  LORD  MONCREIFF,  President, 

in  the  Chair. 

The  President  read  Obituary  Notices  of  Mr.  David  Smith, 
Dr.  William  Lauder  Lindsay,  and  Professor  Benjamin  Peiroe, 
deceased  Fellows  of  the  Society. 

OBITUARY  NOTICES. 

David  Smith.    By  Mr.  David  Madagan. 

Mr.  David  Smith  was  bom  1 3th  January  1803,  and  died  16th 
December  1880,  in  his  78th  year.  He  was  educated  at  the  High 
School  and  University  of  Edinburgh,  his  native  city. 

Having  resolved  to  adopt  law  as  his  profession,  he  joined  the 
body  of  Writers  to  Her  Majesty's  Signet  in  1826,  and  at  a  com- 
paratively early  period  of  his  life  acquired  an  outstanding  position 
as  a  man  of  business.  Large  and  important  interests  were  com- 
mitted to  the  charge  of  his  partner,  Mr.  James  Kinnear,  and  himselfi 
involving  increasingly  from  year  to  year  much  laborioos  caie  and 
watchfulness. 

In  the  year  1858  he  was  offered,  as  affording  by  its  more  defined 
and  systematic  duties,  some  measure  of  relief  from  an  overtsaked 
life,  the  vacant  appointment  of  principal  officer  of  the  North 
British  Insurance  Company;  his  wide  general  experience  having 
included  a  practical  acquaintance  with  the  principles  and  mtnage- 
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ment  of  life  assurance  companies.  He  threw  himself  with  charac- 
teristic energy  into  this  new  sphere  of  labour,  and,  under  his  guid- 
ance, the  company,  which  had  always  held  a  high  place  among 
similar  institutions,  rose  with  rapid  strides  to  a  position  of  pre- 
eminence. 

The  labours  of  a  crowded  business  life  of  half  a  century  at  last 
began  to  tell  upon  his  health ;  and  in  the  year  1880  he  resigned  his 
office,  and  retired  from  active  business^  receiving  from  a  very  wide 
circle  in  our  city  expressions  of  sympathy,  respect,  and  gratitude. 

While  immersed,  as  might  have  been  supposed,  in  purely  profes- 
sional work,  Mr.  Smith  took  an  active  and  effective  part  in  connec- 
tion with  a  vast  variety  of  matters  affecting,  in  different  relations, 
the  interests  of  Edinburgh,  and  indeed  of  Scotland. 

As  a  Justice  of  Peace  and  Deputy-Lieutenant  of  the  city  of 
Edinburgh,  he  identified  himself  with  every  movement  fitted  to 
further  its  prosperity  and  good  government. 

Educational  questions  had  always  a  special  place  in  his  regard ; 
and  any  movement  designed  to  promote  the  advancement  of  the 
University,  in  the  way  of  enlarged  endowments  or  of  extension  of 
its  range  of  teaching,  received  his  steady  support. 

Philanthropic  and  benevolent  institutions — notably  the  Eoyal 
Infirmary — secured  much  valuable  service  at  his  hands,  while  at 
the  same  time  he  was  busy  with  ecclesiastical  affairs  in  connection 
with  the  Established  Chiirch  of  Scotland,  of  which  he  was  an  office- 
bearer, and  in  the  interests  of  which  he  was  a  much  valued  coun- 
sellor and  an  unwearied  worker. 

Our  own  Eoyal  Society  derived  no  small  advantage  from  his 
tenure  of  the  office  of  Treasurer  during  a  long  series  of  year& 

In  a  variety  of  qualities,  not  always,  and  indeed  not  often  found 
in  combination,  we  have  the  secret  of  his  power  of  discharging,  with 
a  large  measure  of  effective  success,  the  many  and  diversified  duties 
which  seemed  to  fall  to  him  with  a  certain  naturalness  and  pro- 
priety. 

It  was  impossible  not  to  be  struck  by  the  keen  insight  and 
rapidity  of  decision  which  characterised  his  examination  of  any 
subject  brought  before  him.  The  matter  being  disposed  of,  it  was 
dismissed  and  forgotten,  and  some  new  and  quite  different  question 
or  interest  followed  a  like  course  with  equal  despatch  and  deter- 
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mination.  That  there  were  disadvantages  attending  this  habit  of 
mind  is  undoubtedly  true;  but,  in  the  main,  it  enabled  him  to 
overtake  an  amount  and  range  of  work  quite  remarkable  in  its 
extent  and  variety. 

His  administrative  talent  was  conspicuous;  and  in  work  which 
brought  him  in  contact  with  large  numbers  of  persons  of  diveiging 
views  and  opinions,  his  genial  presence  and  firm  attitude  ofteo 
secured  united  action,  and  moderated  with  singular  success  in 
divided  counsels. 

His  courtesy  of  manner,  kindness  of  heart,  and  obviously  earnest 
desire  to  be  helpful,  attracted  towards  him  the  confidence  and 
affection  of  a  wide  circle  of  attached  friends. 

Broadly  viewed,  few  more  useful  lives  have  been  spent  in  the 
community  of  which  he  was  a  member,  and  still  fewer  have 
commanded  for  themselves  so  much  influence  and  regard  as  to  leaver 
as  he  has  done,  a  vacant  space  in  society,  which  it  is  not  probable 
we  shall  soon  or  easily  see  adequately  filled. 

William  Lauder  Lindsay.    By  Dr.  W.  C.  M'Intosh,  F.R.& 

Dr.  Wiluam  Laudeb  Lindsat  was  bom  at  Edinburgh  on  the 
19th  December  1829,  and  received  Ms  education  at  the  High  School 
He  had  naturally  strong  tastes  towards  botany  and  geology,  and  had 
collected  plants  even  before  entering  the  University  as  a  student  of 
mediciae  in  1847.     During  lus  medical  curriculum  his  botanical 
tendencies  received  a  great  impetus,  as  he  himself  records,  from 
Professor  Balfour,  in  whose  classes  for  two  sununers  he  carried  off 
high  honours.     Some  of  his  beautiful  dissections  of  grasses  are  still 
.justly  admired  in  the  Museum  in  the  Botanic  Garden.     After  t 
career  in  which  he  distinguished  himself  as  a  zealous  and  indus- 
trious student,  he  graduated  as  Doctor  of  Medicine  in  185S,  his 
thesis  being  on  the  '*  Structure  and  Physiology  of  the  Lichena"    This 
essay  and  its  illustrative  preparations  received  the  high  oonmieii- 
dation  of  the  Medical  Faculty.     He  soon  after  competed  for  the 
Conservatorship  of  the  Museum  of  the  Eoyal  CoU^^  of  Suigeons, 
Edinburgh,  but  the  late  Professor  Sanders  obtained  the  post    He 
then  became  Resident  Physician  in  the  Cholera  Hospital,  Suigeoo^ 
Square,  under  the  amiable  and  accomplished  Dr.  Warbnxton  Begbii^ 
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and  wbQe  in  this  position  his  perseverance  and  acute  powers  of 
observation  enabled  him  to  make  a  series  of  interesting  experiments 
on  the  communicability  of  cholera  to  the  lower  animals.  These  re- 
searches attracted  considerable  notice  in  the  medical  papers  both  at 
home  and  abroad. 

Dr.  Lindsay  thereafter  entered  the  Crichton  Eoyal  Asylum,  Dum- 
fries, as  Assistant  Physician,  his  chief  being  the  able  and  genial  Dr. 
W.  A.  F.  Browne,  the  brother-in-law  of  his  botanical  patron.  This 
seems  to  have  been  the  turning-point  in  his  career,  as  it  is  unlikely 
he  would  have  left  the  arena  of  pure  science  if  there  had  not  been 
a  paucity  of  suitable  appointments  in  the  botanical  or  other  depart- 
ment. While  doing  duty  in  his  new  office  in  a  manner  that  gained 
him  much  approbation,  he  received,  at  the  instigation  of  the  late 
Dr.  Malcolm  of  Perth,  the  appointment  of  Eesident  Physician  to 
Murray's  Eoyal  Asylum,  Perth,  at  the  end  of  1854;  and  for  a 
quarter  of  a  century  he  laboured  with  unflagging  zeal  to  promote 
the  welfare  of  his  patients  and  the  interests  of  the  institution, 
until  failing  health  compelled  him  to  resign  at  the  end  of  1879. 

Few  physicians  in  our  country  have  been  gifted  with  a  pen  so 
facile,  an  intellect  so  varied,  and  a  perseverance  so  unbroken  as  that 
of  Dr.  Lauder  Lindsay.  The  mere  list  of  his  literary  and  scientific 
publications  would  form  a  considerable  pamphlet,  the  chief  articles 
grouping  themselves  under  the  heads  of  Botany,  Medicine,  and 
Greneral  Literature.  It  must  be  remembered,  also,  that  his  scientific 
work  was  accomplished  after  his  energies  had  been  spent  in  con- 
tinuous and  responsible  duty,  and  at  a  distance  from  scientific  aid 
and  encouragement  His  medical  writings,  including  his  laborious 
work  on  Pensions  to  Asylum  Officers^  and  the  collection  of  incidents 
massed  in  his  Mind  in  the  Lower  Animals^  have  already  received, 
notice  in  various  Journals  {e.g,  the  Edinburgh  Medical  Journal  for 
January  1881),  so  that  on  the  present  occasion  attention  will  be 
directed  to  his  more  strictly  scientific  labours. 

Eager  to  add  to  existing  botanical  knowledge,  he  very  early  in 
his  career,  at  the  suggestion  of  Professor  Balfour,  chose  the  Lichens 
as  a  suitable  subject  for  investigation,  and  soon  after  graduation  he 
published  a  Poptdar  History  of  British  Lichens^  illustrated  by 
many  plates.  This  little  work  received  very  favourable  notice,  and 
is  still  a  useful  guide  on  the  subject.     A  series  of  sti-uctural  and 
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other  papers  on  the  lichens  then  followed,  several  being  communi- 
cated to  this  Society.  For  one  of  these,  viz.,  his  Memoir  on  the 
Spermogones  and  Pycnides^  the  Neill  Prize  was  awarded  in  1859. 
His  various  papers  were  illustrated  with  plates  drawn  by  himself, 
and  though  the  nature  of  his  subject  did  not  admit  of  much  artistic 
display,  his  representations  were  both  accurate  and  well  finished. 
His  labours  amongst  the  Lichens  did  much  to  place  the  study  of 
that  department  on  a  scientific  basis,  and  greatly  extended  our 
knowledge  of  their  structure  and  economy. 

In  his  early  days  a  considerable  traveller,  he  explored  the 
mineralogical  and  geological  features  of  the  Harts  mountains,  and 
made  large  collections.  He  also  in  subsequent  years  visited  many 
other  places  on  the  Continent,  besides  Iceland  and  the  Fsaroe  Islands, 
America,  and  Egypt.  Moreover,  his  health,  which  had  never  been 
robust,  failing  in  1861,  he  obtained  a  year's  leave  of  absence,  which 
he  spent  in  visiting  New  Zealand  and  Australia,  making  extensive 
collections,  and  laying  the  foundation  of  many  papers  on  the 
Botany  and  Geology  of  New  Zealand.  He  also  stimulated  the 
colonists  by  a  lecture,  at  Otago,  on  "  The  Place  and  Power  of  Natural 
History  in  Colonisation."  In  the  same  way  his  visits  to  Iceland 
and  the  Fseroe  Islands  formed  the  basis  of  several  botanical  and 
geological  papers,  and  subsequently  enabled  him  to  deal  more  easily 
with  the  Lichen-flora  of  Greenland. 

In  viewing  the  number  and  variety  of  Dr.  Lindsay's  botanical 
and  geological  communications,  one  is  struck  by  the  extraordinary 
industry  that  characterised  him.  His  active  mind  was  ever  on  the 
stretch,  and  his  facile  pen  never  failed  to  make  the  beet  use  of 
the  materials  at  his  disposal  The  field  covered  by  his  labouri) 
•however,  was  much  too  extensive  for  the  production  of  work  of 
equal  value  in  every  case,  and  the  pressure  on  his  time  occaaionally 
prevented  the  necessary  consolidation  of  prolix  articlea.  Taken  all 
in  all,  however,  his  botanical  labours  do  him  infinite  cfedit,  and 
have  greatly  advanced  the  subject  he  took  under  his  cata  It  will 
be  long  before  the  Lichens  find  so  able  and  so  acoomplisbBd  a 
worker.  He  was,  indeed,  the  Nylander  of  Scotland.  In  aoeovd- 
ance  with  his  instructions,  his  valuable  collection  of  lichens  wts 
presented  by  his  trustees  to  the  University  of  Edinbnigbi  and  it 
now  in  the  Museum  in  the  Botanic  Garden. 
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As  a  public  official  in  the  Perth  Royal  Asylum,  his  bearing  and 
administration  were  admirable ;  nor  were  his  relations  in  private  life 
less  worthy  of  esteem.  He  placed  the  institution  on  a  sound  basis 
financially,  in  his  early  years,  and  reorganised  every  department; 
while  in  his  later  years  of  office  he  greatly  improved  and  beautified 
the  internal  arrangements  of  the  various  wards,  and  he  did  so  with 
uncommon  ingenuity  and  taste.  Shrewd  and  acute  to  an  extra- 
ordinary degree,  he  proved  himself  a  most  accomplished  alienist- 
physician,  kind  and  considerate  to  his  patients,  skilful  in  pro- 
moting their  comfort  and  recovery,  and  an  apt  organiser  of  all 
the  events  that  constantly  take  place  in  such  institutions.  His 
thorough  medical  training,  and  his  natural  penetration,  made  him 
always  a  safe  and  prudent  adviser. 

Originally  of  a  slight  build,  his  intense  application  to  work  caused 
his  health  to  give  way  after  his  marriage  in  1859,  and  even  the 
improvement  gained  by  the  year's  relief  in  1861-62  gradually  wore 
off  on  the  active  resumption  of  literary  and  official  engagements. 
Indeed,  for  years  before  his  death  he  was  an  invalid.  Yet  he 
bravely  did  his  diity  to  the  last,  and  kept  a  cheerful  word  for  every 
one-^veven  while  he  doubted  if  his  strength  would  enable  him  to 
conclude  his  visit  Probably  for  the  same  reason  he  avoided 
society,  solacing  himself  rather  with  his  books  and  microscope. 
His  health  unfortunately  showed  no  sign  of  improvement,  and  he 
had  hardly  been  a  year  out  of  office  when  he  succumbed  to  the 
increasing  exhaustion  on  the  28th  November  1880,  at  the  compara- 
tively early  age  of  fifty-one.  Much  of  the  work  his  ardent  mind 
sketched  out  for  himself  he  left  undone ;  but  he  achieved  enough 
to  win  a  solid  reputation,  and  to  furnish  a  worthy  example  of  what 
ability  and  application  can  do  under  difficulties. 

Profeasor  Benjamin  Peirce.    By  Professor  Simon  Newcomb. 

Professor  Peirce  was  bom  at  Salem,  Massachusetts,  April  4, 
1809,  and  graduated  at  Harvard  College  in  1829.  He  made  the 
acquaintance  of  Dr  Nathaniel  Bowditch,  the  translator  of  the 
Mecanigue  Celeste,  and  assisted  him  in  getting  his  great  work 
through  the  press.  He  spent  two  years  after  his  graduation  in 
teaching.     He   was  appointed  tutor  in   mathematics  at  Harvard 
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College  in  1831,  and  professor  in  1833.  During  the  few  years 
following  lie  published  a  series  of  mathematical  books  covering 
the  course  then  taught  at  the  college  from  Algebra  to  Differential 
Equations.  His  elementary  books  were  remarkable  for  their  con- 
densation. In  the  geometry,  especially  the  short  and  terse  and 
comprehensive  forms  of  mathematical  thought  and  expression, 
natural  to  the  mathematician,  were  substituted  for  the  minute 
demonstrations  of  Euclid.  Free  use  was  also  made  of  infinitesimals. 
The  volumes  of  geometry  and  the  infinitesimal  calculus  were 
published  under  the  title  of  Curves^  Functions^  and  Farces.  The 
subject  of  Forces,  which  was  intended  to  cover  mechanics,  was, 
however,  dropped  from  the  series.  The  concluding  portion  of  the 
second  volume  is  devoted  to  the  Differential  Calculus,  and  is 
noteworthy  for  the  brevity  and  conciseness  of  style,  and  the  free  use 
of  operative  symbols. 

After  the  death  of  Bowditch  in  1838,  Peirce  stood  at  the  head  of 
mathematical  science  in  his  country,  as  the  leading  one  of  the  veiy 
few  who  bad  access  to  foreign  journals.  About  1842  he  commenced, 
in  connection  with  Professor  Lovering,  the  publication  of  a  seiiil 
under  the  title  of  the  Cambridge  Miscellany  of  Maihematies  and 
Physics^  of  which,  however,  only  a  few  numbers  appeared.  He 
took  an  active  part  in  the  foundation  of  the  Harvard  Observatoiy, 
the  occasion  being  afforded  by  the  great  comet  of  1843.  The  woik 
which  first  extended  Peirce's  reputation,  was  his  computation  of  the 
general  perturbations  of  Uranus  and  Neptune.  The  formulae  to 
which  he  was  led  were  published  in  the  first  volume  of  the  Pro- 
ceedings of  the  American  Academy^  but  were  accompanied  by  no 
description  of  his  process.  Subsequent  investigations,  howerer, 
showed  them  to  have  been  remarkably  accurate.  In  his  views  of 
the  discrepancy  between  the  mean  distance  of  Neptune  as  predicted 
by  Leverrier,  and  as  deduced  from  observation,  he  was  less  fortooate, 
although,  when  due  consideration  is  given  to  Leverrier^s  conclusions, 
there  was  much  plausibility  in  the  position  taken  by  Peiroa  As 
the  subject  has  frequently  been  discussed  without  a  due  oompre- 
hension  of  all  the  circumstances,  a  brief  review  of  them  may  be 
appropriate. 

Leverrier,  from  his  researches,  found  for  the  mean  distance  of  the 
disturbing  planet  36*1539,  and  a  consequent  period  cl  217  yeeni 
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He  also  announced  that  the  limits  of  the  mean  distance  which 
would  satisfy  the  observed  perturbations  of  Uranus  were  36*04  and 
37 '90.  He  founded  this  conclusion  on  a  supposed  inadmissible 
increase  of  the  outstanding  differences  between  theory  and  observa- 
tion^ as  the  mean  distance  was  diminished  below  35.  But  when 
the  planet  was  discovered  its  mean  distance  was  found  to  be  only 
30 ;  and  yet  the  observations  of  Uranus  wore  as  well  satisfied  as  by 
Leverrier*s  hypothetical  planet.  It  was,  therefore,  an  expression  of 
Peirce's  high  confidence  in  the  accuracy  of  Leverrier's  conclusions 
that  led  him  to  announce  that  there  were  two  solutions  to  the 
problem ;  the  one  being  that  found  by  Leverrier,  and  the  other  that 
corresponding  to  the  actual  case.  He  also  sought  to  show  a  cause 
for  the  two  solutions  in  a  supposed  discontinuity  in  the  form  of  the 
perturbations,  when  the  period  was  brought  to  the  point  at  which 
five  revolutions  of  Uranus  would  be  equal  to  two  of  Neptune.  As 
a  matter  of  fact,  however,  it  has  been  shown  by  Professor  Adams 
that  there  was  no  such  discontinuity  in  the  actual  perturbations 
during  the  limited  period;  from  which  it  would  follow  that 
Leverrier  must  have  made  a  mistake  in  tracing  out  the  conclusions 
which  would  follow  when  the  mean  distance  of  the  disturbing 
planet  was  diminished. 

In  1849  the  preparation  of  the  American  EpJiemena  and  Nautical 
Almanac  was  commenced  at  Cambridge,  by  Lieutenant  C.  H.  Davis, 
and  Peirce,  in  the  capacity  of  consulting  astronomer,  took  an  active 
pait  in  planning  the  work.  It  being  especially  desired  that  accurate 
tables  should  be  employed  in  the  new  Ephemerisy  Peirce  made  use 
of  Airy's  reduction  of  the  Greenwich  lunar  observations,  then 
recently  published,  to  prepare  new  tables  of  the  moon.  He  pre- 
pared the  formula  and  plans  for  the  table  which  were  executed  in 
the  office  of  the  Ephemeris,  Govld^s  Astronomical  Journal  was 
commenced  at  this  time,  and  Peirce  contributed  a  number  of  short 
papers,  the  most  important  of  which  related  to  the  theory  of  Saturn's 
rings.  The  suspicion  had  been  expressed  by  Bond  and  others, 
that  temporary  divisions  took  place  in  the  rings  from  time  to  time, 
thus  showing  that  they  could  not  be  solid.  Peirce  showed  that  the 
equilibrium  of  a  fluid  ring  was  necessarily  unstable,  as  well  as  that 
of  a  solid  one,  and  therefore  suggested  that  the  equilibrium  was  pre- 
served by  the  attraction  of  the  satellites.    The  research,  however,  was 
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left  in  an  unfinished  state,  but  taken  up  some  twelve  years  later  in  the 
first  volume  of  the  Memoirs  of  the  National  Academy  of  Sdences, 

Among  all  of  Peirce's  contributions  to  science,  that  which  he 
himself  seemed  to  value  most  highly  was  his  Linear  Associative 
Algebra,  which,  however,  was  only  published  by  lithographing  and 
privately  distributing  a  few  copies.  It  essayed  a  general  theory  of 
the  multiplication  of  units  of  different  classes,  subject  to  the  law  of 
association  and  distribution,  but  not  of  commutation. 

In  1867  he  was  appointed  Superintendent  of  the  Coast  Survey, 
to  succeed  Professor  Bache  ;  but  finding  administrative  duties  little 
to  his  taste,  he  resigned  in  1874. 

During  the  last  few  years  of  his  life  a  tendency  towards  specula- 
tion, partly  of  a  philosophic  and  partly  of  a  cosmological  character, 
which  he  had  exhibited  during  most  of  his  life,  showed  itself  yet 
more  strongly.  He  delivered  before  the  Lowell  Institute  a  course 
of  lectures  on  Ideality  in  Science  which  have  been  published  in 
book  form,  and  afford  an  interesting  view  of  the  speculative 
operations  of  his  mind. 

The  influence  exercised  by  Peirce  on  the  progress  of  mathematical 
.  science  in  his  own  country,  is  at  least  equal  in  importance  with  his 
scientific  work.     He  was  an  ardent  and  enthusiastic  friend,  ever 
ready  to  encourage  younger  men  and  promote  their  work.     He  had 
an  especial  fondness  for  seeking  out  comparatively  unknown  men 
whose  ability  had  been  overlooked.     As  a  teacher,  he  was  very 
generally  considered  a  failure.     The  general  view  he  took  was  that 
it  was  useless  for  any  one  to  study  mathematics  without  a  special 
aptitude  for  them ;  he  therefore  gave  inapt  pupils  no  encouragement, 
and  made  no  attempt  to  bring  his  instruction  within  their  com- 
prehension.   His  extreme  generality  and  terseness  of  expression,  and 
his  fondness  for  brevity  of  notation,  sometimes  made  it  difficult  even 
for  an  expert  to  follow  him ;  while  a  certain  imaginative  and  poetic 
vein,  in  which  his  fundamental  principles  are  laid  down,  was  unimited 
to  most  minds.     The  most  characteristic  as  weU  as  the  most  exten- 
sive of  his  works  is  his  System  of  Analytic  Mechanics,    The  exposi- 
tion of  dynamical  concepts  in  the  first  forty  pages  is  pleasant  Fold- 
ing for  one  already  acquainted  with  the  subject,  but  that  a  student 
beginning  the  subject  could  understand  it  without  a  dearer  distino- 
tioxi  between  definitions,  axioms,  and  theorems  seems  hardly  po«iUe> 


Plate  IV.,  given  witb  this  Part,  in  in  illustration  of  Mr. 
Hilm  Home's  Report  on  Boulders,  July  1881,  and  refeited 
to  at  pi^c  27H  of  this  volnnie. 
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The  President  announced  that  the  Council  had  awarded  the 
Keith  Prize,  for  the  Biennial  Period  1879-81,  to  Professor  Chrystal, 
for  his  paper  "On  the  Diflferential  Telephone,"  published  in  the 
Society's  Transactions  for  the  Session  1879-80;  and  the  Neill 
Prize,  for  the  Triennial  Period  1877-80,  to  Mr.  John  Murray,  for 
his  paper  "  On  the  Structure  and  Origin  of  Coral  Eeefs  and 
Islands,"  communicated  to  the  Society  on  5th  April  1880,  and 
printed  (in  Abstract)  in  the  Proceedings  for  that  date. 

The  President  read  a  letter  from  M.  Dumas,  perpetual  Secretary  of 
the  Academy  of  Sciences,  Paris,  inviting  the  Fellows  of  the  Society 
to  subscribe  to  a  Fund  to  be  formed,  in  order  to  present  to 
M.  Pasteur  a  Medal,  commemorative  of  liis  work  and  services. 
Professor  Tait  announced  that  the  Council  had  replied  to  M.  Dumas' 
letter,  informing  him  that  the  Society  has  no  funds  which  can  be 
devoted  to  such  a  purpose,  but  that  an  opportunity  would  be  given 
to  individual  Fellows  of  subscribing  to  the  Medal  to  be  offered  to 
M.  Pasteur. 


The  following  Communications  were  read : — 


1.  On  Mirage.     Part  II.    By  Professor  Tait. 

2.  Report  of  the  Boulder  Committee,  with  Remarks  by  the 
Convener,  Mr.  Milne  Home.    (Plate  V.) 

The  Convener  being  now  no  longer  able  to  climb  hills,  or  walk 
to  any  considerable  distance,  his  own  contribution  of  information 
to  the  Committee  is,  this  year,  exceedingly  small 

L  CANTraB. — LooH  Tarbert. 

The  only  place  visited  by  him  during  last  autumn  was  East  Loch 
Tarbert,  Loch  Fyne,  at  the  suggestion  of  Mr.  Alexander  of  Loch- 
gilphead, whose  services  to  the  Convener  during  the  two  previous 
years  were  peculiarly  valuable. 

Having  procured  a  horse,  the  Convener,  under  Mr.  Alexander's 
guidance,  rode  up  two-thirds  of  a  hill,  about  two  miles  to  tlie 
KW.  of  East  Loch  Tarbert,  on  the  property  of  Mr.  Campbell  of 
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Stouefield.  He  omitted  to  record  the  name  of  the  bill  The 
object  was  to  examiao  a  bouldei  bearing  the  name  of  "  Capfmll-na- 
C7o(cA«,"  meaning  "Tbe  Hare  of  Stone,"  from  its  fanciful  reaemblance, 
in  a  misty  day,  to  a  mare  feeding.  The  hill  was  found  b;  aneroid 
to  be  710  foet  above  tbe  sea. 

The  summit  of  the  hilt  is  shown  by  the  following  diagram,  not 
diawn  to  an  exact  scale : — 

670ft. 

West, 


The  length  of  the  crest  is  about  60  yards  in  an  east  and  west 
direction,  along  the  contour  line  of  690  feet;  and  about  15  yards 
between  N,  ond  S.  at  /  The  largest  boulders  are  represented  by 
the  lettei-B  a  to  m. 

The  boulder  with  the  name  above  mentioned  (a  in  the  diagram) 
stands  on  the  very  highest  peak  of  the  hilL  It  is  composed  of 
compact  gneiss,  whilst  the  rock  of  the  hill  is  clay  slate,  with 


a  quartz  vtms      The  height  of  the  boulder  is  8  feet,  and  its 
breadth  or  width  each  way,  near  the  lower  end,  ie  6  feet 

There  are  multitudes  of  boulders  near  the  top  of  the  hiU, — chiefly 
oiitheS.K  eide,  ff,  k,  k,  I,  m.    The  laigest  of  these,  i^  is  14x9x8 
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feet.  There  is  only  one  boulder  on  the  north  side,  viz ,  6,  whose 
size  is  9  X  4  X  4  feet     They  are  all  gneiss  boulders. 

As  bearing  on  the  question  of  transport,  it  is  proper  to  mention 
that  this  hill  stands  by  itself,  in  a  sort  of  amphitheatre.  There 
are  no  hills  so  high  as  it  within  a  mile. 

At  about  that  distance  towards  the  north,  there  is  a  range  of  hills 
somewhat  higher, — with  openings  between,  especially  towards  the 
west.  On  these  hills,  numerous  boulders  were  descried  through  the 
telescope,  and  regret  was  felt  at  the  inability  to  visit  them, — 
especially  as  several  were  seen  perched  on  ridges  and  peaks. 

It  seemed  probable,  that  if  there  had  been  ice  carrying  boulders, 
floating  on  a  sea  from  800  to  1000  feet  above  the  present  sea-level 
and  stranding  on  the  hill,  the  position  of  the  boulders  on  the  hill  and 
its  sides  might  be  accounted  for. 

In  this  district,  with  hills,  none  exceeding  1200  feet  in  height, 
local  glaciers  are  not  likely  to  have  been  formed  ;  and  if  there  had 
been  such,  they  would  have  passed  down  the  low  grounds  on  each 
side  of  the  hill  along  its  base. 

On  his  way  back  to  Tarbert,  the  Convener  passed  a  conical  hill, 
on  south,  clad  with  smooth  green  pasture.  On  its  N.W.  slope,  two 
large  boulders  were  observed-  But  as  the  access  to  the  hill  was 
difficult,  the  Convener  did  not  attempt  to  reach  it. 

The  hills,  both  north  and  south  of  East  Tarbert,  are  well  covered 
by  boulders,  and  would  repay  a  special  visit  from  any  one  interested 
in  this  subject.  Even  from  the  streets  of  the  town,  in  a  clear  day, 
boulders  can  be  seen  along  the  ridges  of  the  surrounding  hills  on  the 
sky-line. 

On  the  hiUs  adjoining  East  Tarbert  village,  on  the  south,  and  at  a 
height  of  from  280  to  300  feet  above  the  sea,  there  are  evident  marks 
of  some  agent  having  swept  through  between  the  hills  from  west  to 
east  The  rocks  are  well  rounded  by  friction;  and  on  the  east  side 
of  many  rocky  knolls,  there  are  small  boulders,  and  heaps  of  grave], 
w^hich  look  as  if  they  had  been  protected  by  these  knolls  from  a 
westerly  debacle  or  current. 

The  Convener,  when  at  Eothesay,  walked  along  the  course  of 
the  small  stream  which  runs  into  the  sea  near  the  Queen's  Hotel. 
In  the  lower  part  of  its  course,  the  stream  cuts  through  beds  of 
gravel,  from  50  to  60  feet  thick.     In  the  upper  part  of  its  course  he 
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came  to  a  flat  about  7S0  feet  above  the  sea.  He  found  there  a 
number  of  boulders.  The  largest  4x2x2  feet,  had  its  longer  axis 
pointing  N.W.  and  S.K 

Mr.  Alexander  told  the  Convener  of  a  large  boulder,  9  or  10  feet 
high,  on  the  Farm  of  Taynish,  at  the  head  of  a  small  arm  of  the  sea, 
on  Loch  Sweyn,  about  4  miles  south  of  Tay vallocL  It  is  surrounded 
by  a  cluster  of  smaller  boulders.  It  lies  on  bare  rock,  which  slopes 
down  towards  the  west.  It  is  about  50  feet  above  sea-leveL  On 
the  east  side  of  it,  there  is  an  old  sea  bank,  which  may  have  inter- 
cepted its  transport  farther  eastward. 

II.  OoHiL  Hills. 

The  Convener  has  received  a  letter  from  James  Johnstone,  Esq., 
of  Alva,  referring  to  the  south  slopes  of  the  Ochil  Hills,  mentioning 
that  the  boulders  in  Alva  Glen  and  Silver  Glen  are  mica  schist. 
In  Tillicoultry  Glen,  he  says  there  used  to  be  many  granite  boulders ; 
but  he  thinks  they  have  all  been  broken  up  for  building  purposes. 

He  adds,  that  as  the  rocks  of  the  Ocluls  are  here  a  species  of 
trap,  the  boulders  in  question  probably  came  from  the  Grampian 
Hills,  i,e.  from  the  N.W. 

III.  Orknetb — North  Ronaldshat. 

The  Convener  has  received  the  following  in  answer  to  the 
circular  sent  out  by  the  Committee  during  last  winter : — 

"  In  this  island  of  North  Ronaldshay,  Orkney,  of  which  I  am 
proprietor,  and  the  rocks  of  which  consist  of  Old  Bed  Sandstone 
flags,  there  are  no  boulders  that  I  know  of.  I  have,  however, 
observed  a  mass  of  coarse  conglomerate,  like  a  rock  which  occurs  to 
the  S.W.  at  Heclabir,  in  the  adjacent  island  of  Sanday.*  It  had 
been  built  into  a  stone  dyke,  and  was  of  a  size  too  large  for  most 
men  to  carry.  The  surface  was  slightly  worn,  but  not  rounded 
like  a  beach  stone.     I  have  also  often  found  smaller  blocks  of  granite 

*  Note  by  Convener.  —Sanday  Island  is  5  or  6  miles  from  BonaldshAy.  Strom- 
ness  is  at  the  S.W.  end  of  Pomona,  and  about  40  miles  from  Ronaldshtj, 
with  deep  seas  between,  and  several  small  islands.  Stromnew  is  the  (Miljr 
locality  in  the  Orkneys  for  granite  and  syenite.  In  Sanday,  there  is  the  remark- 
able granite  boulder  weighing  about  9  tons,  which  is  referred  to  in  the  Com- 
mittee's Second  Report,  p.  168. 
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and  syenite  (which  may  have  been  transported  from  Stromness  in  the 
Island  of  Pomona,  also  to  the  S.W.);  and  also  a  stone  resembling 
coarse  jasper,  scattered  over  waste  parts  of  the  island.  These  are  often 
more  than  half  buried  in  the  ground,  and  most  of  the  blocks  are 
more  angular  than  beach  stones.  Some  of  them  have  their  surfaces 
flattened  and  smooth,  and  in  one  or  two  instances  shining,  as  if 
ground  and  polished.  The  soil  on  which  they  are  generally  found, 
is  clay,  loam,  or  nearly  pure  clay  of  a  red  colour ;  and  sections  in 
making  quarries  show,  that  it  contains  in  places  rounded  pebbles 
with  here  and  there  angular  flints,  much  discoloured,  and  bits  of 
mica  schist  mixed  with  quartz  and  other  extraneous  stones.  This 
red  clay  extends  over  many  acres,  and  varies  from  1  to  4  or  5  feet 

in  depth. 

"  Wm.  Traill  of  Woodwick." 
Sth  March  1882. 

rv.  Shetland. 

1.  Parish  of  Lunnasting. 

In  reference  to  the  circular  lately  received  asking  for  information 
about  boulders,  I  beg  to  forward  a  few  particulars  respecting  four. 
They  are  all  in  the  parish  of  Lunnasting,  on  the  estate  of  Lunna, 
and  the  property  of  Eobert  Bell,  Esq.,  sheriff"  of  Falkirk. 
No.  1.  Height  22  ft.  9  in. ;  length  36  ft. ;  breadth  25  ft. ;  shape, 
angular;  direction  of  longest  axis  S.R  and  N.W,;  height 
above  sea-level  150  to  200  ft. 
No.  2.  Height  19  ft.;  length  34  ft. ;  breadth  U  f t. ;  angular; 
direction  of  longest  axis  N.E.  and  S.W. ;  height  above  sea- 
level  150  to  200  ft. 
No.  3.  Height  11  ft.  4  in. ;  length  8  ft.  7  in. ;  breadth  8  ft.  2  in. ; 
angular ;  direction  of  longest  axis  S.E.  and  N.  W. ;  height 
above  sea  150  to  200  ft. 
No.  4.  Height  7  ft.  10  in. ;  length  8  ft.  7  in. ;  breadth  3  ft.  2  in. ; 
wedge-shaped;  direction  of  longest  axis  S.R   and  N.W. ; 
height  above  sea  300  to  400  ft. 
Nos.  1,  2,  and  3  stand  all  near  each  other  in  the  northern  part 
of  the  parish,  and  not  far  from  the  sea.     No&  1  and  2  are  separated 
only  by  a  distance  of  10  or  12  feet,  the  intervening  space  being 


748  Proceedings  of  the  Boyal  Society 

filled  with  large  masses  of  stone  which  appear  to  have  fallen  from 
No.  2.  No.  4  stands  by  itself,  surrounded  by  deep  moss,  within  a 
few  yards  of  the  highest  point  of  a  hill  about  four  miles  to  the  south 
of  the  other  three.  Its  longest  axis  runs  parallel  to  the  face  of  the 
hilL  It  is  known  by  the  name  of  the  **  standing  stone "  of  the 
south  hill  of  Lunna, 

No.  3  has  no  special  designation. 

Nps.  1  and  2  are  known  as  "  the  stones  of  Stofaa"  ''  Stofas  "  is 
said  to  be  a  corruption  of  stay  fast^  and  the  legend  accounting  for  the 
name  is  that  it  was  given  to  the  stones  from  the  circumstance  that 
they  were  originally  two  giants  passing  through  Lunnaness,  and 
converted  into  stone  by  some  superior  power  who  arrested  their 
progress  by  pronouncing  the  words  "  stay  fast" 

All  the  above  stones  look  something  like  pale  granite. 

Geo.  Christie. 
The  Manse,  Lumuiy  Lerwick^  Shetland, 

ISili  March  1882. 

Note  by  Convener. — The  stones  of  SteflBs  are  referred  to  by  the  late  Dr. 
Hibbert  in  his  quarto  volume  on  Shetland  (published  in  1822),  p.  173,  where 
also  a  diagram  of  them  is  given,  and  an  intimation  of  his  inability  to  say  more 
about  them  than  that  they  "were  enormous  detached  masses,  which  do  not 
seem  to  have  undergone  any  very  distant  removal,  since  they  repose  on  rocks 
of  a  similar  kind."  In  a  paper  in  the  Edinburgh  Journal  of  Science  for  1831 
(vol.  iv.  p.  bS),  written  by  Dr.  Hibbert  (as  he  observes)  twelve  years  after  his 
first  visit,  he  offers  an  opinion,  which  he  says  he  is  now  *'  disposed  to  pro- 
nounce with  some  degree  of  confidence."  *'  These  immense  boulders  (he  says) 
are  in  an  elevated  situation  upon  a  very  narrow  tongue  of  land,  S  or  4  miles  in 
extent,  which  having  jutted  out  into  the  ocean  in  a  N.E.  direction,  would  be 
opposed  to  the  direct  force  of  the  diluvial  wave.  The  extremity  of  the  head- 
land being  much  broken,  an  indication  is  thereby  afforded  of  the  site  whence 
these  stones  have  been  dislodged  and  by  diluvial  currents  hurried  along.  The 
distance  (he  adds)  to  which  they  have  been  detached  cannot  be  estimated  at 
more  than  a  mile  or  two." 

These  remarks  are  interesting,  as  indicating  Hibbert's  opinion,  after  a  second 
visit  to  the  spot,  that  the  "stones"  had  been  disrupted  by  some  tremendoiu 
agency  moving  io  a  direction  from  N.E.  towards  S.W.  and  carried  to  a  dis- 
tance of  *'a  mile  or  two."  When  Hibbert  wrote  in  the  year  1881,  he  not 
unnaturally,  for  boulder  transport,  adopted  the  theory  proposed  by  Sir  James 
Hall  of  Dunglass  in  1812,  of  oceanic  waves  sweeping  across  continenta.  It  ms 
not  till  many  years  after,  that  ice  was  suggested  as  a  medium  of  transport 

Hibbert,  after  referring  to  these  stones  of  Steffis  as  "immente  bonlden," 
'*  detached  "  and  *'  hurried  along  "  from  the  headland  of  Lunna,  goes  on  (by  wiy 
of  confirming  his  opinion)  to  cite  several  other  cases  in  the  Shetlandi  rf  tli 
transport  of  l)ouldcrs,  which  are  extromely  interesting. 


of  Fdinhurgh,  Sesmn  1881-82.  749 

Thus,  he  says,  that  on  the  Island  of  Yell,  there  are  **  large  fragments  of 
Serpentine  and  Euphotide,  which  have  evidently  been  drifted  some  miles,  from 
the  islands  of  Unst  and  Fetlar." 

**  On  the  summit  of  Roeness  Hill,  composed  of  red  granite,"  there  is  an 
"  immense  quantity  of  boulders  of  a  primary  greenstone  which  appear  to  have 
been  removed  from  a  site  2  or  3  miles  off,  and  to  have  been  rolled  in  a  S.  or  S.  W. 
direction,  up  a  gradual  ascent  of  3  or  4  miles.'* 

**  On  the  summit  of  Hilswick  Ness,  we  meet  with  a  surprising  block,  com- 
posed of  granite,  removed  from  a  rock,  the  nearest  site  of  which  is  about  2  miles 
to  the  N." 

He  had  previously  mentioned  that,  in  the  Island  of  Papa  Stour,  there  are 
"numerous  fragments  of  hornblende  schist  and  actinolite  schist" — ''rocks 
which  are  nowhere  to  be  met  with  in  this  archipelago,  except  at  Hilswick  Ness, 
a  distance  (when  measured  in  a  straight  line  across  the  Bay  of  St.  Magnus)  of  at 
least  12  miles." 

Dr.  Heddle  of  St.  Andrews  informs  the  Convener,  that  he,  some  years  ago, 
examined  these  **  Stones j**  and  formed  an  opinion  that  they  had,  by  some 
natural  agency  of  great  power,  been  detached  from  a  rocky  cliff  not  far  distant, 
and  been  moved  in  a  direction  towards  KS.E.  They  are  a  peculiar  micaceous 
gneiss,  containing  nodules  of  white  felspar. 

These  "  Stones"  are  referred  to  in  the  Second  Report  of  the  Boulder  Com- 
mittee, p.  178. 

2.  Parish  of  Fair  Isle. 

The  Rev.  William  Laurence,  catechist  and  teacher,  reports 
as  follows : — 

"  There  are  no  boulders  above  10  tons,  but  there  are  several  small 
ones  of  the  pudding-stone  description,  quite  diflferent  from  the 
rocks  in  situ.  There  was  one  very  remarkable  large  stone — a  huge 
block  of  sandstone — quite  similar  to  the  "  Eday^^*  sandstone,  but  it 
was  blown  up  by  gunpowder  last  year,  for  building  purposes.  There 
was  nothing  like  it  in  the  whole  island. 

"  It  and  the  other  small  ones  are  probably  glacial  deposits." 

V.  Caithness. 

The  Rev.  Hugh  Mair  sends  the  following  answers  to  a  circular 
from  the  Committee  : — 

"Boulder  in  Keiss  parish;  estate  of  Freswick ;  farm  of  Mr. 
Peter  Gunn ;  proprietor,  Wm.  S.  Thomson  Sinclair,  Esq. 

*  Note  by  Convener, — The  Island  oi  Eday  is  about  13  miles  to  the  S.S.W. 
of  Fair  Isle.  In  the  Geological  Map  of  the  Orkneys,  lately  published  by 
Messrs.  Peach  and  Home  {Quart.  Jour,  of  Lond.  Oeol.  Society  for  Nov.  1860), 
the  rocks  of  **Eday"  are  represented  as  consisting  of  old  red  sandstone  con- 
glomerate.   The  geology  of  **  Fair  Isle  *'  is  not  given  by  these  gentlemen. 
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"  Length  9  ft. ;  breadth  5  ft ;  height  7  ft 

"  Eounded,  but  rather  broader  at  base. 

"  Longest  axis  W.  by  N.  and  E.  by  S.,  or  W.  and  K 

'*  Different  from  any  rock  in  locality ;  none  similar  in  locality  so 
far  as  known. 

"  Conglomerate  or  pudding-stone  of  a  most  remarkably  pronounced 
character. 

"  Popular  name,  "  Greystone  " ;  no  legend,  save  that  it  is  called  one 
of  the  Kirk  stones, — origin  of  name  unknown. 

«  200  ft.  above  sea-level ;  and  \  mile  from  sea  on  east  coastl 

"  Marks  the  boundary  between  the  old  parishes  of  Wick  and 
Canisbay,  and  between  the  lands  of  Nybster  and  AukingiU. 

"  I  am  sorry  to  say  the  answers  refer  to  the  stone  as  it  was. 
Some  utilitarian  individuals  blasted  it ;  and  part  has  been  carted 
away ;  but  three  large  portions  remain.  When  whole,  it  must  have 
been  a  most  remarkable  stone." 


Notes  by  Mr.  Ralph  Richardson  (a  member  of  tJie  Committee)  of 
a  Visit  by  him  to  Strathnaim,  in  the  Autumn  of  188L 

I  drove  last  August  (1881)  from  Inverness  via  Druids  Temple 
and  General  Wade's  military  road,  to  Strathnaim,  crossing  the 
Eiver  Nairn  at  Daviot,  and  proceeding  down  its  right  bank  to  the 
celebrated  "Tom  Riach**  boulder,  returning  via  Clava  and  Culloden 
Moor, — a  distance  of  about  20  miles.  Shortly  after  passing 
Craggie  Bum,  Strathnaim,  I  was  struck  with  the  number  of 
boulders  dotting  eminences  throughout  the  valley,  and  with  the 
depth  of  sand  which  covered  the  hills, — the  whole  pointing  to  a 
period  of  submergence  in  Post-Pliocene  times. 

To  make  this  still  more  evident,  I  may  cite  the  inteieeting 
discovery  last  summer  by  Mr.  James  Eraser,  C.E.,  Inverness,  of 
Arctic  marine  shells  at  the  height  of  500  feet  above  the  sea,  at 
Drummore  of  Clava  in  this  district,  being  the  second  highest 
discovery  of  the  kind  made  in  Scotland.  Several  of  the  shells 
discovered  here  being  now  only  found  in  Arctic  legions,  the  aea 
which  once  covered  this  district  must  have  been  of  a  deddedlj 
glacial  type. 
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I  examined  the  section  at  Drummore,  and  found  that  it  exhibited 
a  considerable  depth  of  sand,  beneath  which  the  shells  occurred 
in  a  bed  of  blue  clay.  Similar  shells  in  similar  blue  clay  are  found 
near  the  sea  coast  at  Ardersier,  Fort  George,  about  8  miles  due 
north  from  Drummore  of  Clava,  and  at  an  elevation  of  about  50 
feet  It  is  evident  from  the  occurrence  of  these  shells  in  two 
separate  localities,  that  this  part  of  Scotland  had  once  been  covered 
by  a  sea  of  a  temperature  similar  to  that  now  washing  the  coasts  of 
Arctic  America,  Finmark,  and  Spitzbergen,  I  also  inspected 
the  two  famous  boulders  of  the  district,  both  of  them  huge  con- 
glomerate blocks,  "  2  (om  Riach  "  (the  stone  of  the  grey  hill), 
measuring  27  feet  x  22  feet  x  15  feet,  near  Croygorstan,  and  the 
" DiiJce  of  Cuwherland^s  stone"  on  Culloden  Moor.*  Probably 
neither  of  these  are  far  travelled,  conglomerate  rocks  being  found 
in  situ  in  proximity  to  them.  The  valuable  papers  by  Messrs. 
Thomas  D.  Wallace  and  James  Fraser  of  Inverness,  in  volumes 
IIL  and  IV.  of  the  Edinburgh  Geological  Societj/s  Transactions^ 
treat  fully  of  the  Boulder  phenomena  and  geology  of  this  interest- 
ing district 


List  of  Boulders  in  the  Neighbourhood  of  Inverness^  sent  by 
Mr,  Wallace^  High  School,  Inverness. 

1.  Split  conglomerate  boulder,  in  the  bum  below  Mid-Laiig 
Farm,  in  Upper  Strathnaim. 

2.  Clach-a-nid  (stone  of  the  nest)  lies  on  the  N.£.  shoulder  of 
Meal-Mor,  a  hill  1207  feet  high.  The  boulder  is  950  feet  above 
sea-level.     It  is  composed  of  gneiss,  and  measures  28  x  24  x  14  feet. 

3.  Brownie  Stone,  A  very  large  conglomerate  boulder  lying  on 
the  moor,  half  a  mile  north  of  Bunachton. 

4.  Clach-norh-ulaidh  (stone  of  the  hidden  treasure).  A  large 
block  of  gneiss,  12  x  12  x  5  feet,  resting  on  the  brink  of  a  cliff  of 
old  red  sandstone,  overhanging  the  east  bank  of  the  Nairn  River, 
a  few  yards  from  Naimside  House.  It  is  about  40  feet  above  the 
river,  and  400  feet  above  sea-leveL 

5.  Gneiss  boulder,  measuring  6x5x4  feet,  much  rounded,  lies 

*  The  "  T<nn  Riach  "  bonlder  is  between  300  and  400  feet  above  the  sea-level; 
and  the  "  Cumberland  stone  "  is  487  feet  above  the  sea. 
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on  limestone,  interbedded  with  the  old  red  sandstone,  at  Dalroy, 
on  the  Nairn.     It  is  composed  of  ordinary  gneiss. 

6.  Conglomerate  boulder  in  a  field,  a  little  to  the  N.E.  of  "  Tom 
Riach"  boulder,  measures  95  feet  in  circumference,  and  35  feet  in 
length.  It  lies  about  350  feet  above  sea-level.  Same  kind  of  con- 
glomerate as  the  *'Tom  Eiach,"  which  would  show  that  it  came  from 
the  S.W. 

7.  Conglomerate  boulder  (same  as  other),  lies  in  the  bed  of  the 
Kiver  Nairn,  to  the  East  of  Daviot  House.  Measures  about  6x7x8 
feet. 

8.  Four  conglomerate  boulders,  same  as  last,  on  the  moor,  north 
of  Nairnsido  School  House,  at  a  height  of  590  feet  above  sea-levcL 
One  measures  14x8  feet,  one  13  x  15  feet,  one  9x9  feet,  and 
one  9x8  feet.  These  may  have  come  from  west  They  do  not 
rest  one  upon  the  other. 

9.  In  Cran-More  Wood,  Naimside,  there  is  one  boulder  measur- 
ing 9x6x3  feet,  which  is  stratified  conglomerate,  similar  to  that 
found  at  Failie,  about  5  miles  to  the  west  This  boulder  lies  at 
a  height  of  600  feet  above  sea-leveL  In  the  same  wood  there  is  a 
gneiss  boulder,  5x6  feet,  slightly  rounded,  and  resting  on  old  red 
sandstone. 

10.  Conglomerate  boulder,  on  south  shore  of  Loch  Duntilchaig, 
opposite  Achnabat,  a  few  feet  above  the  loch  and  720  feet  above 
sea-level.  It  measures  4x5x3  feet  There  are  several  others  of 
the  same  rock  lying  along  the  shore  of  the  loch.  These  can  easily 
bo  identified  with  the  rock  on  Dunchae,  which  is  about  a  mile  to 
the  W.  There  is  no  other  similar  rock  in  the  whole  neighbour- 
hood. It  is  composed  not  of  rounded  pebbles,  but  of  thin  pieces  of 
rock. 

11.  Granite  boulder  on  the  west  shoulder  of  Dalcromlin  Hill, 
which  lies  S.W.  by  S.  of  Inverness.  This  boulder  rests  on  con- 
glomerate rock,  1200  feet  above  sea-level,  and  meaflures  5x3x3 
feet 

12.  Clach-an-ahau  is  a  conglomerate  boulder,  lying  in  Petty  Bay, 
to  the  E.  of  Inverness.  It  was  moved  by  the  tide.  The  waters 
round  it  had  frozen,  and  thus  served  as  a  means  of  floating  it  It 
is  not  large,  perhaps  about  4x3  feet  The  underlying  rock  is  old 
red  sandstone. 
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13.  Boulder  of  Dirrymore  granite  lies  on  the  shore,  a  few  feet 
above  sea-level,  to  the  E.  of  Kessock  Ferry.  Dirrymore  lies  N.W. 
by  N.  from  Inverness.  Boulders  of  this  granite  are  found  scattered 
over  the  shores  of  the  Moray  Firth  as  far  east  as  Buckie.  This 
boulder  is  lying  on  the  gravel  of  the  shore. 

14.  There  are  two  boulders  in  Findhorn  Bay;  one  of  granite, 
measuring  4x3x3  feet,  and  the  other  of  gneiss,  measuring  5x3x3 
feet. 

15.  The  little  bum  to  the  west  of  Inches  House,  about  2^  miles 
S.  of  Inverness,  is  full  of  boulders.  One  interesting  group  of 
three  may  be  mentioned.  They  lie  one  against  the  other.  The 
one  to  the  west  is  granite  and  measures  7x4x2  feet  The  one  in 
the  middle  is  old  red  conglomerate  and  measures  6x3  feet  The 
one  to  the  east  is  gneiss  and  measures  3x2  feet  They  lie  at  a 
height  of  200  feet  above  the  sea-leveL 

16.  There  is  a  fine  specimen  of  a  striated  stone,  fixed  in  boulder 
clay,  in  the  bum  below  Muckovie  Quarry,  about  3  miles  S.  of  Inver- 
ness. The  striae  when  seen  by  me,  when  the  stone  was  fixed  in  the 
clay  on  the  bank  of  the  stream,  ran  E.  and  W.  It  has  now  fallen 
from  its  original  position. 

17.  Porphyry  Boulder. — In  wandering  over  Strathnaim  and  the 
district  to  the  S.E.  of  Inverness,  I  was  puzzled  to  know  where 
the  numerous  specimens  of  porphyry  could  come  from.  While 
pursuing  my  investigation  in  the  upper  part  of  the  Strath,  I  found 
the  rock  in  situ  between  Loch  Ruthven  and  Loch  Duntilchaig.  I 
have  also,  since  that  time,  seen  the  same  rock  in  other  two  places  in 
Strathnaim,  nearer  the  mouth  of  the  river. 

18.  Boulders  of  hornblende  are  to  be  seen  lying  along  the  shore 
between  Inverness  and  Culloden  Station,  as  well  as  along  the  west 
shores  of  Loch  Ness.  There  are  two  places  on  the  west  shore  of 
Loch  Ness,  where  hornblende  rock  is  in  situ.  One  of  these,  about 
two  miles  to  the  west  of  Loch  End  Inn,  has  been  known  to  me  for 
a  number  of  years.  The  other,  which  is  about  two  miles  further  to 
to  the  west,  was  pointed  out  to  me  by  Dr.  Aitken,  Medical  Super- 
intendent of  the  Inverness  District  Asylum,  who  discovered  it 

19.  One  of  the  stones  in  the  so-called  Druidical  circles  at  Stoney- 
field,  about  one  and  a  half  miles  E.  of  Inverness,  is  quite  unlike 
anything  I  have  seen  within  a  radius  of  20  miles  of  Inverness.     I 
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have  not  been  able  exactly  to  identify  this  rock,  but  from 
descriptions  in  mineralogical  books,  I  am  of  opinion  that  it  is  a 
diorite.  The  stone  has  every  appearance  of  being  waterwom  and 
rounded,  but  whence  it  came  I  cannot  say. 

20.  One  of  the  stones  in  the  "circle"  at  Culloden  Eailway 
Station  is  a  serpentine.  There  is  serpentine  in  Glenurquhart,  which 
is  about  12  or  14  miles  W.  from  Inverness.  I  do  not  think  the 
builders  of  these  circles  would  have  gone  so  far  for  buildiog 
material. 

21.  A  friend  of  mine  in  Glenurquhart  tells  me  that  there  are 
granite  boulders  in  that  district,  differing  from  all  the  granites 
surrounding  the  Glen.  He  is  investigating  the  matter,  and  I  expect 
to  have  exact  information  regarding  them  soon. 


Extrctcts  by  Convener  from  Notes  supplied  by  Mr,  William  Morrison^ 
Secretary  to  Field  Naturalists^  Club,  Dingwall,  Eoss^hire, 

1.  On  the  south  slope  of  Tulloch  Hill,  the  following  bouldeis 
occur : — 

(1)  At  the  height  of  550  feet  above  sea,  an  irregularly  lounded 
boulder  of  granite-gneiss,  supposed  to  be  one  of  those  mentioned  by 
Mr.  John  Campbell  in  Frost  and  Fire,  voL  iL  p.  152,  as  consisting 
"  of  a  peculiar  kind  of  pink  granite,  resting  on  slate,"  and  of  which 
he  gives  a  diagram  at  page  167. 

Its  girth  is  29  feet ;  greatest  length  1 1  feet ;  height  7  feet,  and 
breadth  7  feet  Its  major  axis  is  N.KW.  and  S.S.E.,  with  sharpest 
end  to  E.  The  felspar  in  the  boulder  is  pale  red,  and  the  juica  so 
arranged  as  to  produce  a  laminated  appearance. 

(2)  About  a  quarter  of  a  mile  S.W.  of  No.  1,  on  Upper  Docharty 
Farm,  at  400  feet  above  sea,  another  boulder  of  same  rock  8x5x5 
feet;  and  major  axis  N.N.W.  and  S.S.R,  with  sharp  end  to  west 

(3)  To  N.  W.  of  No.  1  boulder,  at  a  height  of  620  feet  above  sea, 
a  flat  block  of  mica  schist,  11  x  7  x  2  feet ;  major  axis  W.  and  EL 
The  west  end  pointed,  and  appears  as  if  scoured  by  running  water. 

The  upper  surface  is  scored  bj^  natural  ruts,  grooves,  or  strwe, 
2  and  3  inches  broad,  and  from  ^g^  \  inch  deep.     These  run  in  a 
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direction  from  KW.  to  S.E.,  and  cross  nearly  at  right  angles  the 
lines  of  lamination  of  the  stone. 

Over  the  upper  surface  of  the  boulder,  there  are  about  thirty-six 
artificial  "  cup  markings.**  These  marks  are  faint,  where  scorings  are 
deepest  and  most  frequent.  The  cup  marks  are  well  defined  at  the 
K.K  end  of  the  upper  surface  of  stone,  and  also  at  the  S.  W.  end. 
One  seen  well  marked  at  S.E.  side,  about  half  an  inch  from  top 
surface. 

(4)  On  Drynie  Farm,  S.  W.  of  No.  3,  at  height  of  600  feet  above 
sea,  a  mica  schist  boulder  12x8x4  feet ;  major  axis  N.N.W.  and 
o.S.£. 

On  the  surface  of  boulder  there  are  six  striations  or  groovings  (not 
artificial),  running  N.  and  S. 

There  is  one  cup  mark  at  south  end. 

(5)  On  Tulloch  Hill,  at  900  feet  above  sea,  a  boulder  of  same  rock 
as  No.  1  and  2,  8  x  6  x  4  feet,  with  major  axis  N.  W.  and  S.E. 

The  prevailing  rock  on  Tulloch  Hill  is  a  bluish  grey  indurated 
sandstone  shale. 

Where  the  outcrop  stands  upon  opposite  side  of  valley,  the  strata 
(dipping  south  at  angle  of  45°)  have  been  rubbed  and  smoothed 
on  their  north  faces  by  some  natural  agency,  in  many  lines  bearing 
N.W.  and  S.K 

The  prevailing  soil  on  Tulloch  Hill  is  a  pale  reddish  till,  derived 
possibly  from  the  rocks  of  red  sandstone  and  conglomerate,  which 
exist  towards  the  west. 

To  the  north  of  Tulloch  Hill  a  moor  stretches  to  a  uniform  height 
of  1100  feet,  on  which  are  many  smaller  boulders  similar  to  those 
on  the  southern  slope  of  the  hill.  They  occur  also  to  the  east  of  the 
hill,  all  the  way  down  to  the  Cromarty  Firth ;  and  (as  reported) 
even  to  the  Black  Isle.  In  most  cases  of  the  boulders  having  one 
axis  longer  than  the  other,  the  direction  of  the  former  is  K  and  W. 

2.  Thinking  it  probable  that  these  Tulloch  Hill  boulders  came 
from  the  westward,  Mr.  Morrison  states  that  he  lately  set  out, 
accompanied  by  a  few  friends,  on  an  excursion  in  that  direction. 

At  Cfarve  (about  eleven  miles  west  of  Dingwall),  rock  was  found 
with  surfaces  rounded,  smoothed,  and  striated ;  the  striae  running 
E.  and  W. 


*>  » 


The  Strathgarve  district  is  ca4|^  with  multitudes  of  boulders 
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of  granite  and  mica  slate,  chiefly  the  former.     For  miles  along  the 
Ullapool  Road  on  to  InchbaCy  there  are  torrents  of  such  blocks. 

At  Achtiaclerachy  there  is  a  gigantic  mass  of  the  same  kind  of 
granite  as  the  Tulloch  Boulders,  25  x  23  x  12  feet  above  ground, 
about  seventy  feet  in  girth,  and  weighing  probably  about  seven 
hundred  tons ;  evidently  an  erratic,  the  kind  of  granite  compoeiDg 
it  being  different  from  the  rock  on  which  it  rests. 

Farther  along  the  road  towards  Inchbae,  several  other  boulders  of 
the  same  kind,  and  not  much  less  in  size,  were  seen. 

At  Inchbae  Loihjc,  tho  ground  is  much  covered  by  these  bouldcm 

At  the  confluence  of  the  rivers  GlaacamocJi  and  Strathvaich  near 
the  schoolhouse,  rock  appears  in  situ  identically  the  same  as  that  of 
tho  Tulloch  Hill  boulders.  The  felspar  of  the  rock  has  the  same 
pink  colour,  and  the  mica  is  segregated  in  bands.  The  bed  of 
Strathvauk  river  is  entirely  composed  of  the  rock,  and  it  appears  to 
break  naturally  into  huge  cubical  masses,  among  which  the  ri?er 
rushes  and  foams  violently. 

In  proceeding  further  west  no  boulders  were  to  be  seen.  We 
seemed  to  have  at  length  reached  the  parent  rocks ;  for  to  the  N. 
of  Oarbady  a  place  about  a  mile  S.£.  of  Inchbae  Lodge,  no  more 
boulders  were  met  with. 

The  boulders  in  this  district  occupy  the  valley,  through  which 
the  Blackwater  River  flows. 

The  schoolhouse  above  mentioned  (about  seven  hundred  feet  above 
sea-level)  is  at  or  near  the  base  of  a  hill  called  Druim  BuidhCy  1080 
feet  above  sea,  which  presents  naked  cliffs  of  granite  rock  facing 
W.N.W. 

''We  examined  the  pass  of  the  Bealach,  situated  between  Big 
Wyvis  and  Little  WyvtSy  which  reaches  to  a  height  of  about  1250  feet, 
and  runs  in  a  direction  N.W.  and  S.K,  to  seeif  any  granite  or  other 
boulders  were  lying  there ;  but  we  found  no  travelled  blocks.  The 
Bealach  itself  is  full  of  gigantic  blocks  of  mica  schist  detached 
from  the  side  of  the  pass.'* 

"  It  appeared  to  us,  therefore,  that  the  Tulloch  Hill  boulders  had 
made  a  detour  eastwards  over  the  south  shoulder  of  JMle  Wyvis, 
a  hill  which  reaches  to  a  height  of  2497  feet.  On  the  south  side  of 
the  Blackwater  Valley,  the  hiUs  rise  to  the  height  of  1500  feet 
above  the  sea," 
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Of  course  it  is  most  improbable  that  the  boulders  on  Tulloch 
Hill,  at  a  height  of  about  1000  feet  above  the  sea,  could  have  been 
derived  from  the  rocks  forming  the  channel  of  the  Black  Water,  at 
a  height  of  only  500  feet  above  the  sea.  The  parent  rocks  must 
have  been  at  an  elevation  above  that  of  the  boulders.  It  only 
remains  therefore  to  examine  the  adjoining  hills,  exceeding  1000 
feet  in  height,  to  see  whether  they  contain  granite  rocks  of  the  same 
variety,  or  in  the  channel  of  the  Black  Water  at  Inchbaa 

"  I  found  granite  boulders  in  large  numbers,  and  of  huge  size,  in 
the  bed  and  on  the  banks  of  Alt  nan  Cuirach^  four  miles  west  of 
Tulloch  Hill,  and  on  move  to  E.  conglomerate  ridge,  ending  at  Cioch 
MJior.  The  river  has  washed  out  many  of  these  boulders  from  the 
base  of  scaurs  of  yellow  boulder  clay  of  a  depth  of  from  40  to  60 
feet.  These  boulders  were  traced  at  heights  from  1000  to  1200  feet 
above  the  sea  from  river  bed  at  a  spot  due  S.  from  Loch  Glass. 
They  probably  came  from  Cam-Cuineag,  through  the  opening  occu- 
pied by  Loch  Glass.  Both  Alt  nan  Garioch  and  the  river  Glass^  of 
which  the  former  is  a  tributary,  cut  all  the  way  down  to  Evanton 
through  deep  cliffs  of  boulder  clay,  resting  on  hard  sandstone  strata 
dipping  S.E.  The  granite  boulders  are  imbedded  at  the  very  base 
of  the  clay  deposits." 

[The  Convener  being  struck  with  the  account  given  of  the  striae 
and  cup  marks  on  Boulder  No.  3,  wrote  to  Mr.  Morrison,  to  ask 
whether  any  idea  existed  in  his  mind  as  to  the  possibility  of  the 
striae  having  been  formed  after  the  cup  marks  had  been  formed. 
His  answer,  dated  24th  April  1882,  is — "The  suggestion  forced  on 
the  mind  unquestionably  is,  that  the  cups  were  partially  obliterated 
by  the  scoring  agent,  and  hence  were  made  before  the  natural  striaB." 

n  this  suggestion  is  supported  by  further  examination  and  study, 
it  would  indeed  be  a  very  marvellous  discovery. 

As  Mr.  John  Campbell,  in  his  Frod  and  Fire,  refers  to  this  dis- 
trict, the  Convener  gives  the  following  extracts  from  his  work  : — 

Page  149. — "Above  the  Inn  at  Garve,  at  about  600  feet,  grooves 
on  a  rib  of  white  quartz,  turn  with  the  glen.  They  do  not  point  at 
Wyvis,  or  up  into  Strath  Bran.  They  coast  round  a  hillside,  care- 
fully avoiding  the  high  hills,  as  rivers  do  at  a  lower  level  They 
point  S.  45°  K 

"  At  the  end  of  Loch  Garve,  beside  the  road,  grooves  on  contorted 
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gneiss  take  another  turn  with  the  glen.  At  about  150  feet  above 
the  sea,  the  marks  point  N.  70°  E.,  and  aim  at  the  shoulder  of 
Wy vis,  which  bars  the  way.     On  this  hill  side  are  piles  of  drift. 

"If  Strath  Bran  held  a  glacier  which  flowed  N.  and  K 
towards  Ben  Wyvis,  stones  left  by  it  ought  to  be  blocks  of 
white  and  grey  quartz  and  gneiss,  fragments  of  rocks  in  Strath 
Bran  and  near  it  But  there  is  no  such  collection  of  native  drift 
here." 

Page  153.—"  At  1000  feet  up  the  side  of  Wyvis,  the  rock  is  laid 
bare  in  a  small  bum.     It  is  a  soft  slate,  dipping  10®  south." 

"  There  are  blocks  of  granite  on  the  hill,  and  a  moraine  in  the 
glen.     But  the  granite  is  foreign. 

"At  1650  feet  is  a  conical  hill  Clock  Mor, — a  lump  of  hard  coarse 
conglomerate.  The  sides  are  scored,  the  steepest  end  is  down  stream 
towards  the  west.  In  the  supposed  "  tee  "  are  large  blocks  of  mica 
schist,  bits  of  grey  quartz  rock,  and  a  big  boulder  of  gneiss. 

"  At  3000  feet,  the  ground  on  a  shoulder  of  Wyvis  is  smooth 
and  flat,  the  rock  shows  in  the  edge  of  a  deep  corrie.  It  is  a  coarse 
gritty  sandstone,  which  splits  into  thin  flags.  On  this  high  shoulder 
are  blocks  of  gneiss." 

Page  255. — "  At  3000  feet  on  Beinn  Wyvis,  mica  schist  (boulders 
lie)  upon  slate.'*] 

In  company  with  Mr.  MacLean,  factor  for  Ardross,  Dr.  Suther- 
land, Invergordon,  and  Mr.  Joass,  Dingwall,  I  visited  Cam-Cuinneag 
(2744  feet)  in  Ardross.  The  hill  has  two  peaks,  from  each  of  which 
enormous  shoots  of  granite  blocks  have  fallen,  many  of  which  weigh 
about  400  tons.  In  Strath  Ruasdale  we  saw  on  roadside  a  block  of 
gi'anite  22  x  21  x  12  feet  Major  axis  N.  W.  and  S.E.,  and  weighing 
about  462  tons.  We  observed  to  the  W.  on  the  sky-line  on  the 
ridge  forming  west  flank  of  Glac-an-t-Seilichy  at  1600  feet  above 
sea,  a  huge  cubical  block.  Further  to  the  W.  on  the  sky-line,  on  ridge 
close  by  north  end  of  Loch  Glass,  is  to  be  seen  an  immense  erratic 
block,  cubical,  said  to  be  the  largest  in  Eoss-shire.  Cam-Bhren  to 
K.E.  of  Cuinneag,  reported  to  be  granite.  These  two  hills  of 
granite  are  probably  part  of  the  same  belt,  which  to  S.W.  crops 
up  at  Strathvaich.  The  country  to  S.E.  of  this  belt  is  foil  of 
boulders,  chiefly  granite.  Many  hills  on  their  N.  W.  liaces  denuded 
and  sown  over  with  blocks. 
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The  gravel  of  the  load  from  Ardross  to  Diebidale  is  granitic  We 
observed  under  banks,  washed  by  streams,  beds  of  till  yellowish  red. 
The  felspar  of  the  Diebidale  granite  is  generally  paler  than  that  of 
the  Stiathvaich  granite,  but  many  blocks  were  found,  in  which 
the  felspar  had  same  pale  red  appearance.  The  hill,  Cam-Cuinneag, 
is  entirely  composed  of  granite.  The  saddle  between  the  two  peaks 
appears  like  a  shingly  beach ;  rounded  stones  of  about  10  lbs.  weight 
are  seen  packed  on  edge  here  and  there  in  crevices,  with  longer  axis 
of  stones  lying  all  in  same  direction.  The  east  peak  has  shot  down 
its  fractured  masses  on  the  N.E.  slope,  whereas  the  west  peak  has 
sent  its  broken  masses  down  on  the  N.W.  side.  Carn-an-Lochan 
(2000  feet)  to  KE.  of  Cam-Cuinneag  is  also  a  hill  of  granite.  Cam- 
Cuinneag  being  the  highest  hill  in  Easter  Eoss,  commands  a  magnifi- 
cent panoramic  view  of  hills  and  deep  glens  to  the  N.  and  K,  and 
hills  rising  on  wide  moors  to  S.  and  W.  Many  of  these  latter  are 
rounded  or  dome-shaped  and  much  denuded,  hence  the  Gaelic  name 
for  such  ("  Creachan  "),  as  may  be  seen  by  Ordnance  Map,  is  frequent. 

It  was  suggested  that  Carn-Bhren,  said  to  be  granite,  Cam-an- 
Lochan,  Cam-Cuinneag,  all  nearly  in  line  N.E.  to  S.W.,  were  but 
prominences  in  a  belt  of  granite  running  S.W.  to  Strath vaich.  To 
determine  that  point  is  to  be  our  next  work. 

The  road  up  Strath  Ruasdale,  and  on  through  Glac-an-t-Seilich 
(Gaelic  Glen  of  Willows — none,  however,  there  now),  passes  through 
numbers  of  boulders  chiefly  on  the  north  side  of  the  road,  and  resting 
on  slope  of  the  valley.  Many  of  them  evidently  were  carried  from 
Cam-Cuinneag  without  losing  much  of  their  angular  form,  others 
had  their  angles  well  rubbed  off  by  the  grinding  action  of  some 
heavy  agency  passing  over  them.  These  rocks  were  probably 
rounded  by  their  fellow  boulders,  for  where  accumulations  of  these 
boulders  appear  largest,  granite  gravel  and  sand  are  associated  with 
them,  indicating  that  these  huge  blocks  struck  against  each  other, 
and  that  the  hammering  and  grinding  produced  the  gravel  and  sand 
found  in  their  neighbourhood. 

The  prevailing  rock  passed  over  on  way  to  Cam-Cuinneag  is 
quartzite,  of  hard,  compact,  and  flaggy  structure,  some  of  it  is 
flecked  by  ferric  oxide.  Indeed,  in  Strath  Ruasdale  is  found  so 
large  a  quantity  of  good  hematite,  that  a  Birmingham  firm  offered 
Ardross  £2000  a  year  for  the  mining  of  one  huge  rock.     Another 
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kind  of  rock  prevailing  to  N.  of  Cuinneag  is  a  hard  blueish-grey 
quartzite  (?),  with  a  slabby  structura 

Boulders  were  seen  in  the  distance,  perched  on  the  sky-line  of 
ridges  to  the  west,  of  from  1600  to  2000  feet  above  sea. 

W.  Morrison, 
Secretary  to  Ross-shire  Field  Club. 

Mr.  Morrison,  in  sending  the  foregoing  notes,  writes  to  the 
Convener  a  letter  (dated  8th  May  1882)  from  which  the  following 
extracts  are  given,  as  they  supply  information  of  interest : — 

"  Cam-Cuinneag,  in  company  with  Mr.  MacLean,  factor  for 
Ardross,  Dr.  Sutherland,  Invergordon,  and  Mr.  Joass,  Dingwall,  I 
visited  on  Saturday  last.  The  weather  unfortunately  was  extremely 
unpleasant;  sleet  and  snow  with  driving  mists  prevented  more 
thorough  work  being  done.  However,  we  satisfied  ourselves  as  to 
the  parent  source  of  most  of  the  travelled  boulders  in  Easter  Eoss. 
Cam-Cuinneag  and  its  lesser  neighbours,  Cam-Maine  and  Cam-an- 
Lochan,  we  saw  were  granitic.  Carn-Bhren  to  the  N.E.,  the  keepers 
told  us,  is  composed  of  the  same  rock  as  Cuinneag. 

"  The  rock  of  the  hills  to  the  N.  in  the  immediate  proximity  of 
Cuinneag  was  found  to  be  of  a  flaggy  or  slabby  structure.  Under 
the  microscope  it  shows  grains  of  quartz.  The  appearance  of  the 
rock  is  uncommonly  like  limestone,  but  the  acid  test  (hydrochloric) 
decided  it  was  not  limestone.  I  am  not  enough  of  a  geologist  to 
determine  what  this  rook  is.  The  description  given  in  Rutle/s 
Petrology  of  Quartz-Trachyte  answers  well  to  what  I  found  the  rock 
to  be  under  the  microscope.  Cam-Cuinneag  is  a  remarkable  hill. 
Its  two  lugs  (hence  the  Gaelic  name)  are  pinnacles  of  granite ;  the 
slopes  descending  from  these  peaks  are  covered  with  immense 
numbers  of  huge  oblong  blocks  to  within  a  short  distance  of  the 
base  of  the  hiH  On  the  N.  and  W.  slopes  are  to  be  seen  shoots  of 
stones  of  all  sizes  besides. 

"  Kildermore  to  the  S.K  is  strewn  over  with  boulders,  evidently 
from  the  Diebidale  hills. 

*^  I  shall  report  result  of  our  investigation  of  the  hypothetical 
belt,  extending  from  Carn-Bhren  over  Carn-Cainneag  and  on  to 
Inchbae,  where  the  granite  or  gneiss  was  found  in  situ  at  Dmim 
Buidhe  as  reported  before,  when  we  get  to  work. 
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''The  granite  of  Cam-Cuinneag,  in  the  main,  is  like  that  of 
Inchbae.  We  saw  blocks  of  pure  granite  of  the  Peterhead  pattern 
on  the  slopes  of  Cuinneag,  but  the  granite  characteristic  of  this 
district  is  that  which  I  have  described  in  my  previous  reports.  The 
summit  of  Carn-Cuinneag  must  have  been  splintered  by  some  terrific 
agency,  to  account  for  the  overthrow  of  such  gigantic  masses  as  are 
found  on  both  sides  (K  W.  and  S.E.  sides)  of  the  hilL  The  blocks 
descend  in  perfect  cataracts  on  both  these  sides. 

**  If  we  had  an  experienced  geologist  with  us,  it  would  add  very 
much  to  our  pleasure  in  exploring  these  regions ;  but  in  lack  of  one 
queries  from  you  for  further  information  will  do  much  to  direct  our 
observations. — Faithfully  yours, 

"  Wm.  Morrison." 


Extracts  from  a  Memoir  by  Professor  Duns  of  the  Neio  College, 
Edinburgh  (a  member  of  the  Committee),  on  the  Surface 
Geolugg  of  Mid  Lochaber,  read  in  the  Royal  Society  of 
Edinburgh  on  Wi  February  1882. 

"  Bmdders  forming  heaps  or  dusters  are  met  with  in  the  low 
grounds  and  also  high  up  the  sides  of  the  mountains.  Those  in  the  low 
grounds  contain  sand  and  gravel ;  while  in  the  heaps  on  the  heights 
there  are  boulders  alone.  The  explanation  most  likely  is,  that  those 
in  the  upland  slopes  have  had  the  sand  and  gravel  washed  away  by 
heavy  rains. 

A  typical  boulder  heap  occurs  near  the  foot  of  the  S.W.  slope  of 
^^MeaU  an  V  Suidhe,*  *  on  the  farm  of  Ashantee.  So  far  as  examined, 
all  the  blocks  composing  it  differ  from  the  mica  schist  rock  on 
which  they  lie.  They  consist  of  different  sorts,  as  granites  and 
porphyries.  The  blocks  near  the  heap  are  also  granites  and 
porphyries.  One  is  of  immense  size,  13x12x6  feet.  A  large 
piece  has  been  broken  off,  in  the  line  of  cleavage,  by  another 
large  boulder  which  had  fallen  against  it,  and  beon  pushed  partially 
over  the  part  thus  separated.  To  the  N.W.  of  this  heap,  are  other 
great  clusters,  which  look  like  little  hills. 

*  In  English,  "The  hill  for  sitting  on,"  in  reference  to  the  practice  of 
trayellers  to  the  top  of  Ben  Nevis  resting  on  it. 
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The  granites  here  are  of  various  kinds,  and  frequently  form 
boulders  of  great  size.  Some  bear  a  close  resemblance  to  the  light 
red-coloured  granite  of  Aberiachan,  near  Loch  Ness. 

Several  of  the  heaps  have  a  covering  of  peat.  They  lie  in  the 
course  of  a  long  line  of  single  boulders  referred  to  below. 

Some  large  blocks  are  met  with  in  association  with  many  much 
smaller.  Thus  opposite  to  Lochy  Bridge,  at  a  height  of  1500  feet^ 
there  is  a  porphyry  boulder  7x6x5  feet.  The  rest  of  the  heap 
is  made  up  of  small  granite  blocks. 

Not  far  from  this  heap,  there  are  several  boulders  lying  in  line 
totheN.W.     ♦     ♦     ♦     ♦ 

Boulders  which  occur  singly. 

Near  the  old  military  road  between  Fort  William  and  Stirhng 
which  leaves  the  drove  road  at  the  S.W.  end  of  the  former, 
there  is  a  large  boulder  near  the  top  of  a  hill,  about  400  feet 
above  the  sea,  and  looking  down  on  Loch  Linnha  Standing  by 
this  great  stone,  and  looking  to  the  N.E.  in  the  direction  of  ^*Meall 
an  f  SiiidhCy**  one  sees  a  series  of  boulders  in  line  in  the  same 
direction,  though  the  line  is  not  so  well  marked  as  in  some  other 
cases.  The  boulder  is  a  coarse  grey  granite,  that  next  to  it  in  the 
line  is  a  fine  felstone.  Two  others  are  quartzites,  the  rest  are 
mainly  of  the  rock  of  the  hill, — mica  schist — much  rubbed  and 
rounded.  On  the  east  of  the  road  again,  is  a  boulder  of  a  fine- 
grained pinkish  granite,  with  a  close  resemblance  to  the  Aberiacban 
granite.     ♦     ♦     ♦     ♦ 

Coming  now  to  the  area  lying  N.  of  the  fiiver  Nevis,  including 
both  low  grounds  and  mountain  slopes,  granite,  granitic  porphyry, 
and  porphyry  blocks  lie  for  the  most  part  in  a  line  of  their  own, 
while  schists,  micaceous  gneiss,  and  some  porphyrites,  lie  in  either 
side  of  them. 

The  mica  scMsts  are  nearest  to  the  mountain ;  the  granites  and 
porphyries  next,  and  the  others  lie  between  them  and  the  River  Nevia 

The  line  is  a  diagonal  of  the  area  referred  to,  running  in  a  N.W. 
direction. 

Looking  from  near  Claggan  Cottage  along  the  steep  slopes  of 
Meall  an  V  Suidhe,  granite  boulders  are  seen  lying  on  the  mica 
schist  rocks,  where  the  side  of  the  mountain  slopes  down  so  steeply 
as  to  make  it  a  puzzle  to  understand  how  they  can  remain  in  positioD. 


A^ 
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Some  on  the  lowermost  slopes  and  in  the  plain  are  of  great  size, 
and  present  distinct  marks  of  polishing  and  well-defined  striae ; — 
viz.,  (a)  Syenite,  17x5x6  feet,  larger  axis  N.N.W.  and  S.S.E., 
with  a  deep  conchoidal  hollow  at  the  broad  end;  {h)  micaceous 
gneiss,  15x9x6  feet ;  two  other  large  boulders  of  the  same  mineral 
lie  in  front  of  this,  one  to  the  N.W.,  the  other  to  the  S.W.  of  the 
line. 

On  the  north  aspect  of  one  of  these  blocks,  are  several  round 
hollows,  so  very  like  the  cup  markings  of  the  archsBologist,  that  at 
first  sight  they  seemed  artificial ;  but  in  another  block,  a  bit,  having 
been  noticed  protruding  from  the  surface,  on  being  struck  with 
the  hammer,  fell  out,  leaving  the  cup  marking  on  the  stone ;  (r) 
micaceous  gneiss,  11x7x7  feet ;  {d)  mica  schist  (the  rock  in  ifitu), 
11x7  feet.     *     *     *     * 

Slopes  of  MedLl  an  f  Suidhe,  from  1 00  up  to  1500  feet — On  these, 

the  size  of  the  boulders  and  their  ^^lie"  to  the  horizon  varies,     (a) 

Porphyry,  7x5x4  feet,  angle  of  its  site  to  horizon  35°,  longer  axis 

N.N.W.  and   S.S.E.     This  boulder  is  poised  on  an  edge,  which 

towards  the  mountain  is  1  foot  7  inches  broad,  and  towards  the 

plain  only  5  inches,     (h)  Porphyry  (triangular  shaped),  9x7x5  feet, 

apex  towards  the  hill,  as  if  the  point  of  the  boulder  had   been 

violently  driven  into  it,  larger  axis  N.N.W.  and  S.S.E.     On  west 

side,  a  cup  and  ring  mark.     These  oval  or  round  marks  are  numerous, 

and  occur  chiefly  on  the  N.  W.  side  of  the  boulders ; — angle  of  site  to 

horizon  20°.     (c)  Micaceous  gneiss,  13x8x13  feet,  angle  to  horizon 

20°.     The  heavy  end  rests  on  the  mountain.     At  the  point  which 

stands  out  from  the  face  of  the  hill ;  the  depth  is  only  3 J  feet ;  it 

lies  mainly  on  three  small  rounded  granite  boulders,  and  is  so  poised 

as  to  suggest,  that  the  slightest  push  would  send  it  down  the  hill. 
♦     ♦     *    * 

At  a  point  1060  feet  above  the  sea-level,  a  considerable  part  of 
the  surface  has  been  laid  bare,  and  the  rock  is  distinctly  striated, 
the  direction  of  the  striae  being  apparently  N.W.  and  S.W.,  but 
partly  obliterated  by  cross-hatching.     *    ♦    ♦    ♦ 

On  the  area  to  the  N.  of  the  rounded  crest  above  Suidhe  lake,  and 
to  the  W.  of  the  great  corrie  between  Ben  Nevis  and  Carn  Dearg, 
there  is^  (a)  an  enormous  boulder  of  mica  schist,  lying  on  porphyry 
in  (ntu;  (6)  large  block  of  grey  granite ;  (c)  large  block  of  porphyry. 
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• 

These  lie  in  a  mass,  associated  with  smaller  boulders  of  mica 
schists,  and  stretching  from  this  heap  are  two  rows  of  boulders 
lying  nearly  direct  W.  The  first  block  is  grey  granite,  7x4x6 
feet,  angle  of  site  to  horizon  40' ;  the  others  are  grey  granites, 
porphyries,  and  mica  schists,  their  larger  axis  being  N.N.W.  and 
S.S.rj. 

The  most  noticeable  feature  is  the  "  lie  "  of  these  blocks  to  the 
hiUs;  they  appear  in  long  lines  sometimes  far  apart,  but  there  is  no 
mistaking  their  place  in  the  lines,  which  are  W.N.W.  and  KS.E. 
The  larger  axis  varies  so  much,  that  from  it  no  inference  can 
be  drawn.*' 

Towards  the  conclusion  of  his  paper,  Professor  Duns  remarks  that 
the  gravels  of  the  district  consist  mainly  of  rolled  and  water-worn 
fragments  of  granite,  porphyry,  quartz,  mica  schist,  bits  of 
arenaceous  rock,  and  at  one  part  of  a  mineral  (malacolite)  nowhere 
found  massive  in  the  locality.  In  the  rare  instances  in  which  laige 
boulders  are  met  with  in  these  gravel  heaps,  they  are  sub-angular 
blocks  of  the  rocks  of  the  immediate  neighbourhood.  The  erratu^s 
occur  on  the  heaps. 

"  On  nearly  all  the  mountain  slopes,  and  even  at  the  tops  of  some, 
blocks  abound;  many  of  enormous  size  and  weight,  for  whose 
positions  no  explanation  can  be  found  in  any  of  the  forces  at 
present  existing  in  the  locality. 

The  position  of  boulders  in  the  plain  may  have  as  great 
significance  as  the  position  of  those  high  up  on  the  mountain. 
Thus,  if  a  granite  erratic  be  found  at  a  height  of  1000  feet,  and  one 
of  the  same  rock  in  the  low  ground,  at  a  height  of  50  feet  above 
the  sea-level,  in  a  place  to  which  it  could  not  have  rolled,  assuming 
the  face  of  the  country  to  have  been  the  same  as  now,  when  the 
boulder  on  the  high  level  was  laid  down,  it  will  follow,  either  that 
one  and  the  same  force  put  them  contemporaneously  in  their 
respective  positions,  or  that  the  valleys,  river  courses,  and  little 
hiUs  which  now  intervene  between  the  high  and  the  low  blocks 
were  formed  since  both  were  deposited.  There  is  only  one  other 
alternative.  Each  may  have  been  dropped  by  an  agent,  on  which 
inequalities  of  surface  could  have  no  bearing. 

A    careful    examination    of    the    deposits    within   the   area 
described,  so  far  as  they   bear  on  Arctic  conditioiis  of  oIOMle 
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and  a  gkcial  surface,  leads  to  the  belief  that  the  bulk  of  the 
phenomena  may  ultimately  find  their  explanation  in  the  recog- 
nition of  two  movements, — one  outwards  from  Ben  Nevis  as  a 
centre,  the  other  a  force  travelling  from  the  W.  the  N.W.  or  the 

N.N.W." 


Extracts  hy  the  Convener  from  Notes  on  Boulders  and  Striated  Mocks 
situated  to  the  W.  of  Fort  William^  hy  Colin  LivingstoUy  Teacher 
of  Public  School,  Fort  William, 

The  places  mentioned  by  Mr.  Livingston  (Plate  V.)  are  shown  on 
the  map  reduced  from  the  Ordnance  Survey. 

1.  Meall  nan  Cleireach*  the  height  of  which  above  the  sea  is  1651 
feet,  composed  mostly  of  micaceous  gneiss  and  clay  slate.  Abont 
60  feet  below  the  summit,  is  a  boulder  called  "  Clach  an  Acrais  "  f 
or  the  **  Hunger  stone  "  8^  x  6  x  3|  feet.  Its  longer  axis  is  N.  5°  W., 
with  heavy  end  to  north,  resting  on  clay  slate.  It  bears  from  the 
summit  of  the  hill  N.  10°  E.  It  might  have  come  to  its  present 
position  through  Glen  Nevis,  or  Glen  More,  or  (but  less  probably) 
Glen  Scaddle,  on  the  W.  side  of  Loch  Linnhe. 

A  second  boulder,  17x  6  x3  feet,  lies  N.E.  of  the  former  at  a 
distance  of  24  yards.  Its  axis  is  N.  8**  W.,  and  about  70  feet 
below  summit  level  of  hilL 

Both  of  these  boulders  are  of  mica  schist  with  garnets.  A  third 
boulder  15  x  7  x  6|  feet  to  the  E.  of  the  first  mentioned,  and  distant 
about  40  yards,  is  mica  schist  without  garnets. 

These  three  boulders,  being  in  sight  of  and  near  each  other,  are 
spoken  of  by  Mr.  Livingston  as  forming  a  triangle. 

Mica  schist  with  garnets  is  a  rock  not  known  in  the  neighbourhood. 
Dr.  Heddle  found  it  in  situ  on  Aonach  Beg,  a  hill  to  the  E.  of  Ben 
Nevis,  about  4060  feet  above  the  sea,  where  it  is  open  to  Glen 
Spean  and  Glen  Mora 

2.  Other  boulders  with  garnets  occur  at  the  following  places : —    • 

*  Mr.  Livingston  explains  that  this  word  means  '*  HiU  of  Clerks  or  Clergy,", 
implying  that  it  belonged  to  the  church. 

t  When  the  people  at  **  Blar-mach-foldach  "  saw  the  sun  over  this  boulder, 
viz.,  at  2  P.M.,  they  went  to  dinner. 
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(1)  A  large  mass  aboat  200  yards  above  where  the  road  from  Fort 
William  crosses  the  river  Ahhainn  Bheag,  18  x  10  x  7  feet. 

(2)  A  similar  block  11x7x5  feet  at  a  short  distance. 

A  line  connecting  these  bears  almost  on  Clack  an  Acrais  boulder. 

(3)  A  small  boulder  nearly  in  same  line  about  a  mile  from  Fort 
William  to  the  W. 

(4)  At  nearly  same  distance  from  Fort  William  on  the  E.  side  of 
the  town  a  similar  boulder  of  larger  size  on  the  hill  face  above  Nevis 
Bridge. 

If  a  glacier  came  down  Glen  Spean  and  along  Glen  More  it  might 
have  brought  the  above  boulders. 

The  idea  of  such  a  glacier  is  favoured  by  the  existence  of  a 
remarkable  trainee  of  boulders  to  the  R  of  Blar-mach-foldtackt* 
partly  above  road  on  left,  and  partly  on  right  at  first  house  in  town- 
ship. 

3.  A  more  striking  indication  of  ice  movement  in  this  direction  is 
an  immense  collection  of  boulders  on  lower  slopes  of  same  hill, 
Meall  nan  Cleireachf  called  Blar  nan  Cleireach,  The  shoulder  of  the 
hill  which  projects  so  as  to  cause  the  bend  of  the  river  Kiachnish,  is 
littered  with  boulders.  The  boulders  are  mostly  granite.  There  are 
also  boulders  of  porphyry  and  mica  schist  The  largest  in  size  are 
mica  schist 

Most  of  these  boulders  are  below  the  contour  line  of  800  feet 
The  following  are  the  sizes  of  the  largest  mica  schist  boulders: 
10  X  8  X  5J  feet,  8x7x4  feet,  10  x  6  x  3  feet,  11  x  4  x  5|  feet, 
7  X  5  X  3J  feet 

The  granites  are  grey  and  purplish.  The  pink  colour  is  owing  to 
the  predominance  of  febpar.  In  some,  the  felspar  crystals  are  large, 
in  some,  small. 

Of  the  boulders  with  large  felspar  crystals,  one  may  be  mentioned 
10  X  8  X  3  feet,  one  with  small  felspar  crystals  8x5x4  feet  Fine 
grained  grey  granite  4x2x5  feet  There  is  one  called  "agglomerate," 
7x5x3  feet.  Among  this  collection,  there  are  one  or  two  small 
quartzite  boulders. 

This  large  assemblage  of  boulders  is  on  the  N.E.  shoulder  of  the 
hill.    It  could  be  reached  by  an  arm  of  the  Qlen  More  glacier  passing 


*  This  Gaelic  word  means  ''Green  spot,  outlying,  hospitable. 


•I 
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down  over  the  col  between  Achintore  Hill  (940  feet)  and  Bein  Riahhach 
(1300  feet),  the  watershed  between  which  is  from  400  to  450  feet, 
and  by  an  arm  of  the  Glen  Nevis  glacier  through  the  transverse 
valley  of  the  Riasgaig.  Achintore  hill  has  strix  N.  and  S.  at  590 
feet. 

Mr.  Livingston  observes  that  the  lower  boulders  could  hardly  have 
come  from  the  westward,  as  the  only  opening  in  that  direction  is  the 
channel  of  the  river  Kiachnish,*  To  have  come  by  it  would  imply 
their  having  crossed  the  supposed  ice  stream  of  Glen  More,  here 
flowing  along  the  bed  of  the  present  Loch  Linnhe. 

4.  Showing  that  ice  has  moved  in  this  direction  from  Glen  Nevis, 
we  have  on  a  ridge  separating  that  glen  from  the  valley  of  the 
Riasgaig — a  feeder  of  the  Kiachnish — the  remarkable  boulder  called 
Clack  a  Sgrogaidh  or  "The  tilted  Stone"  (1790  feet),  between 
the  summit  of  Sgor  Chalum  and  Glas  Chreag,  This  boulder  is 
lOJ  X  6|  X  9J,  axis  W.  10"  S.  It  is  of  compact  mica  schist, 
indurated,  finely  laminated  with  quartz  veins,  and  contains  chlorite 
and  ilmenite.  The  rock  on  which  it  rests  is  of  somewhat  similar 
material,  but  differing  considerably  in  structure,  containing  neither 
of  the  two  latter  minerals,  which  occur  in  Aonach  Beg  rock. 

Within  a  few  yards  of  it,  and  nearer  the  Glen  Nevis  edge  of  the 
ridge,  is  another  boulder  of  the  same  kind  of  rock,  12x7x5  feet. 

Above  these,  on  the  shoulder  of  Glas  Chreag^  at  a  height  of  1930 
feet,  strix  occur,  their  direction  being  N.  20**  W.,  apparently  formed 
by  an  agent  passing  from  Glen  Nevis  towards  the  glen  of  Kiachnish. 

Proceeding  further  south  along  the  skyline,  a  small  angular  perched 
block  is  seen  at  an  elevation  of  2170  feet,  with  its  axis  N.  25°  R 
It  is  quite  angular,  and  might  not  have  been  carried  far. 

At  about  the  same  elevation,  on  the  Kiachnish  side  of  Glas  Chreag, 
there  are  ten  blocks  all  of  considerable  size,  the  two  largest  7x7x4 
feet,  and  7x4x4  feet.  They  also  are  angular,  and  lie  on  the  surface 
of  detrital  matter.  They  are  open  to  Glen  More  and  lower  Glen  Nevis, 
but  more  probably  were  brought  from  upper  Glen  Nevis  by  a  glacier 
winding  round  the  shoulder  of  the  hill — Glas  Chreag — through  Glen 
Riasgaig.  f 

•  This  word  means  **  Stream  from  a  marsh." 

t  Note  by  ConveTur. — It  is  difficult  to  understand  how  the  supposed  glacier 
could  mnd  round  the  shoulder  of  the  hill  here  referred  to.     The  position  of 
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5.  In  Coirc-a'-Mhiulvin,  farther  round  the  shoulder  of  Glas  Chreag, 
there  is  a  large  angular  block  8  x  6^  x  5  feet.  The  rock  is  mica 
schist,  indurated  and  thick  bedded.  It  rests  on  native  rock — mica 
schist  also,  but  much  softer  and  more  fissile.  Bock  identical  with 
it  is  found  at  the  head  of  Coire  Riahhach^  which  looks  in  to  Glen 
Nevis. 

6.  Another  feature  of  the  locality  is  that  while  there  are  few  or 
no  boulders  on  the  W.  side  of  Meall  a*  Chaoruinriy*  they  are  very 
numerous  on  the  E.  side,  which  is  open  to  Glen  Nevis  through  the 
glen  of  the  Riasgaig. 

Another  large  boulder  of  indurated  micaceous  schist  occurs  at  the 
foot  of  Meall  an-t-Snidhe^  on  the  opposite  side  of  Glen  Nevis  near  its 
mouth. 

7.  On  the  east  side  of  the  streams  forming  the  JEUasgaig,  at  an 
elevation  of  600  feet  and  under,  there  are  boulders  of  the  following 
sizes  :  grey  granite  8x6x3  feet,  two  granite  boulders  with  pinkish 
felspar  15x9x9  feet  and  10  x  6  x  5  feet,  and  smaller  ones.  They 
may  have  come  from  Glen  Nevis,  or  Glen  More. 

8.  Mr.  Livingston,  under  the  head  of  ^  General  Ck>ncln8ion8, " 
suggests  that  the  boulders  mentioned  by  him  may  have  come  by  two 
glaciers,  one  descending  Glen  Nevis,  the  other  Glen  Spean  and  Glen 
More. 

(1)  With  regard  to  the  former,  Mr.  Livingston  observes  that  from 
the  confined  nature  of  Glen  Nevis  in  its  upper  part,  and  the  height 
of  the  mountains  enclosing  it,  the  glacier  would  probably  be  of  great 
depth,  reaching  to  a  high  leveL  After  passing  the  spur  of  Ben  Nevis, 
opposite  Achriabhach,  the  lower  portion  would  turn  to  the  right,  but 
the  upper  and  much  larger  portion  would  continue  straight  on, 
through  Glen  Riasgaig  towards  Linnhe  Loch.  Hence  (he  says)  the 
accumulation  of  boulders  upon  Blar  nan  Cleireach. 

As  the  boulders  on  Meall  nan  Cleireach  are  at  a  height  of  1630 
feet,  Clacli  a  Sgrogaidh  at  1790,  and  strioe  at  1930,  the  glacier  must 
have  reached  at  least  2000  feet. 

Mr.  Livingston  observes  that  a  portion  of  the  Glen  More  glacier  may 

the  ten  boulders  on  the  surface  of  detrUaX  mcUteTf  seems  rather  to  suggest  the 
agency  of  water  and  floating  ice. 

*  This  name  means  **  HUl  of  Eowan  trees/*  though  there  are  none  there 
now. 
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have  united  with  the  Qlen  Nevis  glacier,  and  added  to  the  boulders 
upon  Blar  nan  Cleireach,  He  says  that  the  general  character  of 
the  boulders  brought  by  the  two  glaciers  differed.  Granites  of 
various  kinds  were  brought  down  by  the  left  flank  of  the  Glen  More 
glacier,  and  by  the  right  flank  of  the  Glen  Xevis  glacier.  Mixed 
with  these  granites  are  occasional  blocks  of  mica  schist  with 
garnets. 

The  left  flank  of  the  Glen  Nevis  glacier,  he  says,  seems  to  have 
brought  mica  schists  of  various  degrees  of  hardness,  in  some  cases 
passing  almost  into  quartzite.  With  these  is  mixed  an  occasional 
small  block  of  true  quartzite  from  Sgor  a  Mhaim  and  Stoh  Bhn, 

.Occasional  blocks  of  porphyry  are  also  met  with.  One  or  two 
fragments  of  actinolite,  which  is  found  in  situ  above  Glen  Nevis 
House,  may  also  indicate  the  course  of  the  Glen  Nevis  glacier.  They 
were  found  on  the  road  near  Blarmachfaoldach. 

On  the  left  of  the  river  Nevis,  above  Glen  Nevis  House, 
innumerable  blocks,  mainly  of  mica  schist,  occur.  They  have  probably 
come  partly  from  Coire  Riahhach,  partly  from  the  shoulder  of  Ben 
Nevis  above  Achriahhack, 

At  the  entrance  into  Glen  Nevis,  on  the  E.  slope  of  the  Cow  Hill, 
above  a  small  burial-ground,  the  stream  called  Allt  Eos  an  l-Slinein 
cuts  through  detrital  matter  consisting  mainly  of  granite  boulders. 
It  has  long  formed  quite  a  quarry  for  building  stone.  One  large 
granite  block,  found  on  the  opposite  side  of  the  Nevis,  furnished  stone 
for  the  whole  front  of  the  Belford  Hospital,  Fort  William. 

On  the  right  of  the  lower  Nevis  also,  towards  Inverlochy  and 
Torlundy,  there  are  immense  mounds  and  ridges  of  detrital  matter, 
the  material  of  which,  Mr.  Livingston  says,  has  ''  an  imperfect 
stratification" — "such  as  might  be  produced  if  it  fell  from  some 
height.''  He  therefore  supposes  that  the  detritus  was  brought 
down  by  surface  streams  on  the  Glen  Nevis  glacier,  and  by  others 
flowing  on  to  that  of  Glen  More. 

He  says  there  are  also  "  remarkable  lines,  undoubted  moraines, 
occupying  great  part  of  the  area  stretching  towards  Spean  Bridge. 
One  of  these  begins  at  the  foot  of  the  hill  on  the  left  of  the  Lundy, 
and  may  be  traced  almost  continuously  to  Blar  Odkar,  a  distance  of 
eight  or  nine  miles.  The  part  near  Glen  Nevis  appears  to  have  been 
formed  by  a  glacier  moving  up  in  the  direction  of  the  Spean,  while 
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the  further  part,  and  the  three  similar  lines  nearly  parallel  with  it, 
have  apparently  been  formed  by  a  glacier  descending  the  Spean 
valley." 


Extracts  from  Notes  sent  to  the  Convener  by  Dr.  Heddle, 

St,  Andrews. 

1.  On  descending  the  west  slope  of  East  Lomond  Hill,  Fife,  at  a 
height  of  1075  feet,  overhanging  Greenwalls,  found  a  large  number 
of  dolerito  blocks,  from  4  to  7  feet  in  length,  much  rounded. 
They  lay  closely  together  on  the  brow  of  "a  fall-over  of  the 
groimd  to  the  west." 

About  40  vertical  feet  from  the  highest,  and  20  from  the  lowest 
of  the  boulders,  and  at  a  distance  of  about  200  yards,  a  quarry  of 
the  same  kind  of  dolerite  was  met  with,  in  jointed  pillars — the  joints 
being  somewhat  open  or  loose. 

"  Concluded,  that  ice,  sweeping  from  the  west,"  had  struck  the 
west  slope  of  the  hill,  where  the  dolerite  rocks  protruded,  and 
pushed  before  it  some  of  the  loose  pillars. 

2.  On  descending  Auchluisky  Hill  (one  of  the  Ochils),  into  Glen- 
quay,  at  a  height  of  1025  feet,  found  a  small  red  granite  boiilder 
weighing  about  half  a  cwt  The  slope  on  which  it  lay  faced 
W.X.W. 

On  ascending  Benty  Knowe,  directly  opposite,  at  height  of  905 
feet,  found  another  red  granite  boulder,  rather  smaller.  The  rocks 
of  the  Ochils  here  are  trap, — a  **  rotting  clinkstone." 

3.  On  ascending  Bencleuch  from  the  east^  at  a  height  of  2200 
feet,  found  two  boulders,  each  weighing  about  4  tons,  in  a  line 
with  each  other  E.  and  W.  One  of  the  boulders  is  a  variety  of 
greywacke,  which  may  be  called  "almond  conglomerate,"  from 
its  containing  nodules  of  white  quartz  of  the  shape  of  almonds,  but 
two  to  four  times  larger.  Recognised  the  rock  of  this  boulder  to  be 
the  same  as  a  rock  at  the  foot  of  the  north  spur  of  Ben  Lomond, 
mentioned  in  last  year's  Report,  page  28,  at  a  height  of  from  2230 
to  2240  feet  above  the  sea.  The  Rev.  Mr.  Peyton  (who  has 
frequently  accompanied  Professor  Heddle  in  his  ezcuisioDa,  and  is  a 
good  geologist)  mentioned  having  seen  the  same  rock  %%  ntu^  about 
8  miles  to  the  east  of  Ben  Lomond. 
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The  other  boulder  was  of  gneiss,  laminated  and  conyoluted  in 
structore ; — ^much  resembling  rocks  in  situ  in  the  district  of  Loch 
Earn  and  Glen  Falloch. 

4.  Walked  in  the  Lewis  from  Stomoway  to  Tarbert,  in  Harris. 
The  north  part  of  the  district,  where  not  covered  with  peat,  consists 
of  glaciated  rock,  with  ill-defined  strise  running  in  almost  every 
direction  except  N.  and  S.  The  general  flatness  is  the  more 
remarkable  as  the  strata  are  nearly  vertical,  so  that  their  edges  have 
been  ground  down  by  some  agent  passing  over  them. 

This  flat  district  of  course  terminated  on  the  south  at  the  base 
of  the  Harris  Hills.  One  or  two  of  these  reach  a  height  of  about 
2600  feet,  and  glaciers  were  no  doubt  formed  in  some  of  their 
vaUeys ;  but  the  levelling  of  the  district  to  the  north  cannot  be 
attributed  to  them. 

The  trench  between  the  two  Lochs  Tarbert,  where,  in  the  previous 
year's  Report,  boulders  were  reported  to  have  been  seen,  was  again 
visited.  There  is  evidence  here  of  two  independent  glaciations. 
**  In  the  main  trench,  there  is  evidence  of  ice  rising  on  the  hill  sides 
to  a  great  height,  as  if  squeezed  up,  when  moving  through  the  pass 
from  the  west"  In  Glen  Skeaudle,  again,  which  joins  the  main 
valley  at  an  obtuse  angle,  there  is  evidence  of  a  small  glacier,  which 
pressed  seaward  to  the  west 

5.  Moi*vem, — Walked  for  about  ten  days  over  the  hills  on  the 
Glen  Sanda  property. 

The  shores  of  Loch  Corry  are  much  glaciated  on  both  sides — in 
the  same  direction,  namely  towards  the  east. 

A  knoll  or  boss  of  red  granite  at  the  mouth  of  the  loch  attracts 
notice,  from  the  way  in  which,  on  its  W.N.W.  side,  the  rocks  on  a 
slope  reaching  up  to  150  feet  were  all  rounded,  smoothed,  and 
scratched.  The  opposite,  or  S.E.  side  of  the  knoll,  was  rough  and 
craggy. 

On  the  north  shore  of  Loch  Corry,  near  its  mouth,  an  angular 
block  27  X  27  X  10  to  13  feet  was  observed ;  about  28  yards  from 
it,  a  hollow  in  the  rocks  was  discovered,  which,  in  dimensions  and 
shape,  exactly  fitted  the  boulder ;  this  hollow  was  situated  K.  W.  of 
the  boulder.  The  boulder  was  about  a  foot  lower  in  level  than  the 
hollow  it  came  out  from.  A  thick  mass  of  floating  ice  was  probably 
the  transporting  agent 
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Soveral  of  the  hills  on  this  Qlen  Sanda  property  reach  to  a  height 
of  1800  feet  and  more.  They  show  glacial  action  to  their  very 
summits, — hy  the  rounded  surfaces  of  the  rocks  where  hard.     But 

at  one  place  a  series  of  grey  granite 
and  red  granite  strata  were  seen 
to  alternate  thus  : — the  strata 
marked  g^  representing  the  soft 
grey  granites,  formed  as  it  were 
trenches  hetween  the  red  granite 
strata  marked  r.  Most  of  the  boulders  on  the  hill  slopes  were 
grey  granites. 

6.  From  Stage  House,  on  Loch  Shiel,  examined  a  valley  leading 
to  the  west.  Ascended  double-peaked  hill  of  Fraoch  Bheinn,  26S0 
feet ;  on  approaching  each  summit,  found  many  blocks  apparently 
torn  from  their  natural  beds,  and  carried  very  short  distances  east- 
ward. In  some  of  the  belts  of  rock,  sockets  or  hollows  were 
observed,  from  which  the  blocks  had  been  detached.  These 
were  from  20  to  40  feet  below  the  east  summit  on  its  west  side, 
and  had  manifestly  been  pushed  up  hilL  These  blocks  weighed 
from  about  a  ton  to  10  tons.  The  top  of  the  hill  is  pointed  in  a 
remarkable  manner  by  a  block  of  about  6  tons,  "which  is  nearly 
turned  up  on  end.  It  did  not  seem  to  have  been  moved  more  than 
a  yard." 

7.  (1)  Fort-William  District. — In  company  with  Mr.  Livingston, 
went  up  Glen  Finnan,  at  the  head  of  Loch  Shiel,  then  over  a  lull 
of  2419  feet  (name  unknown).     Much  glaciation  in  the  col  between 

it  and  the  east  top  of  Sgor- 
nan-Coireachan  (2718  feet), 
a  hill  of  gneiss.  A  great 
white  granite  vein  or  dyke 
cuts  right  through  the  ool 
running  N.N.R  and  S.aW. 
This  dyke  (8  to  10  feet  thick)  is  a  few  feet  below  the  smnmit-level 
of  the  col  on  the  west  side,  thus : — a  e  being  a  transveise  section  of 
the  col,  d  the  granite  dyke,  and  e  blocks  from  the  dyke,  lying  to  the 
east  of  the  dyke.  The  outcrop  of  the  dyke  was  quitO'toimded ;  some 
of  its  blocks  were  found  one-third  of  a  mile  to  Ae  ettsi^ — none  to 
the  west. 
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Tbe  Bummit  of  tlie  hill  (3136  feet)  allowed  no  glaciatiou.  Ice, 
however,  had  goDe  over  the  col  (2600  feet)  between  thiB  hill,  and 
that  to  the  west  (not  named  in  the  map). 

From  the  2600  feet  contonr  line,  to  within  almoet  200  feet  of 
tiie  bottom  of  Glen  Oban,  there  is  one  of  the  most  tremendous 
scenes  of  glociation  probably  to  be  seen  in  Scotland. 

The  sides  of  the  glen  abound  in  shallow  conies,  with  large  por- 
tions scooped  out  in  some  places,  and  smoothed  over  in  others. 
There  are  precipices  at  many  placee  rounded  from  top  to  bottom, 
some  of  them  more  than  100  feet  in  height.  Local  glaciers  may  have 
done  the  work. 


Olon  Oban,  looking  east. 

The  scooped-out  parts  of  the  Glen  face  the  north,  at  right  angles 
to  the  trench  of  Glen  Oban. 

The  central  parte  of  the  Glen  are  nearly  blocked  by  enormous 
masses  of  rock,  fallen  from  a  cliff  on  the  north  side,  about  700  feet 
above. 

At  the  mouth  of  Glen  Oban,  looking  eastward,  there  are  fine 
examples  of  perched  blocks  These  blocks  in  two  cases  rest  on 
glaciated  knolls  or  nobs  of  rock,  situated  in  tho  centre  of  the  Glen, 
as  shown  in  the  foregoing  rough  sketch.  These  knolls  are  from 
300  to  400  feet  high,  and  cannot  be  climbed,  their  sides  being 
ao  steep. 

(2)  Walked  from  Fort  William  to  top  of  Bena  Gueaig  (2017  feet) 
(to  connect  the  traverse  of  a  former  year)  along  ridge  to  Meatl  na 
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Cleireach  (1626  feet).  Found  near  Corunanan  House  seveial  small 
boulders  of  the  same  syenitic  granite,  which  I  found  last  year  in  a 
trainee  on  the  top  ridge  of  Stob  Choire  a  ChearchaiU  on  the  north 
side  of  Linnhe  Loch  {Seventh  Boulder  Report^  p.  36),  and  on  Bein 
Bhan  on  the  south  side  of  the  locL  The  felspar  was  not  so  red  in 
these  boulders ;  no  other  difference. 

Found  on  south  spur  of  Meall  nan  Cleireach  a  boolder,  4x6x4 
feet,  of  a  peculiar  rock,  which  I  learned  afterwards  had  attracted 
much  attention  from  Mr.  Livingston  and  Professor  Duns.  The 
material  of  the  boulder  looks  like  a  very  vitreous  hyaline  quarti 
rock — the  grains  running  into  each  other.  The  large  amount 
of  felspar  in  it,  ha3  cemented  the  grains  of  quartz.  Many 
examples  of  this  boulder  were  afterwards  discovered.  The  parent 
rock  I  have  never  met  with.  I  named  it,  for  identification,  after 
Mr.  Livingston. 

The  ridge  between  Bein  na  Gucaig  (2017  feet)  and  Meall  nan 
Cleireach  (1626  feet)  consists  of  an  igneous  dyke,  and  is  sprinkled 
with  very  small  boulders,  (1)  of  the  red  binary  granite  (felspar 
and  quartz,  almost  a  porphyry)  of  the  hill  Mullach  nan  Coirean 
(3077  feet)  lying  nearly  due  R,  (2)  of  the  above  mentioned 
syenitic  granite,  (3)  of  the  Livingston  rock,  (4)  of  a  fine  grained 
diorite,  not  found  in  situ  by  any  of  us,  and  (5)  two  small  boulders 
of  quartzite. 

The  top  of  Meall  na  Cleireach  I  found  **  intensely  interesting." 
Three  boulders  lay  on  its  N.W.  side  about  20  feet  below  summit 
They  lie  about  50  feet  above  the  three  which  are  mentioned  in  Hr. 
Livingston's  notes  as  forming  the  points  of  a  triangle.  Hie  hill 
showed  bare  clay  slate  rocks  on  its  W.  side.  Every  other  part  had  a 
thin  cover  of  turf  over  it,  and  for  about  50  feet  down ;  from  wfaidi 
point  to  the  summit,  but  only  on  the  N.K  side,  there  was  a  deep 
deposit  of  angular  masses  of  rock,  tossed  in  confusion  as  if  rolled 
from  off  a  glacier.  They  were  thinly  covered'over  with  turf ;  but  OB 
clearing  the  turf  ofi*,  the  boulders  were  found  to  consist  of  micaeeotti 
gneiss  and  red  granite. 

On  descending  the  hill  towards  the  stream,  and  about  400  feet 
above  it,  I  **^  came  on  a  clump  of  three  boulders."  Two  of  tbeee  aie 
of  interest ;  one  13x4x4  feet  being  of  grey  granite  with  a  little  red 
felspar; — the  other  5x3x2  feet,  a    mass  of   matted  fibvee  ^ 
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amianthus.*  We  afterwards  found  a  similar  rock  (but  far  from 
identical)  3  miles  N.K,  near  limestone,  overhanging  Olen 
Neyis. 

(3)  On  following  day,  went  up  to  Mullach  nan  Coirean  (3077 
feet).  It  forms  a  great  round  dome,  all  of  red  granite,  tending  to 
porphyry.  On  its  summit  there  are  several  small  angular  blocks  of 
pure  white  quartz  rock,  the  nearest  locality  of  which  is  the  peak  of 
Stab  Bhan  ;  others  had  been  built  into  the  cairn. 

The  ridge  from  this  hill  to  Stob  Bhan  (3274)  is  one  of  exceeding 
interest.  It  is  narrow,  falling  and  rising  five  times,  forming  so  many 
little  hills. 

In  the  second  of  the  depressions,  at  an  altitude  of  2904  feet,  the 
rock  is  of  red  syenitic  granite,  apparently  the  same  as  that  of  the 
boulders  before  mentioned  on  Ben-a-Qucaig  and  Ben  Bhan,  and  also 
as  forming  a  trainee  on  Bii^  Coire  ChearchaUl 

We  afterwards  found  the  same  rock  in  abundance  near  the  great 
precipice  of  Ben  Nevis,  at  an  altitude  of  2200  feetf 

At  another  part  of  the  ridge,  the  ground  falls  from  3004  feet  to 
2904  feet;  and  there  ''for  about  100  yards,  the  ridge  consisted  of  a 
bank  of  loose  material.'*  Whether  a  glacier,  which  had  been  pouring 
through,  or  rather  sending  a  delta-branch  through  the  hollow, 
showered  down  the  heaps  of  stones  which  form  the  ridge,  or  whether 
it  had  been  deposited  by  aqueous  agency,  may  be  matter  of  opinion. 
By  going  down  the  S.  slope,  and  by  peering  over  the  precipices  of 
the  next  height,  so  as  to  see  the  N.  slope,  we  inferred  that  this  bank 
was  about  40  feet  deep.  It  was  quite  ''  like  the  patch  on  the  N.E. 
top  of  Mecdl  nan  Cleireach ;  only,  in  addition  to  angular  blocks, 
it  contained  much  gravel  and  small  rounded  stones."  Its  ridge 
was  broad  enough  for  three  persons  to  walk  abreast.  The  heap  is 
made  up  of  many  kinds  of  rock, — micaceous  gneiss,  Livingston  rock, 
and  quartzite  being  common.  "  I  hope  I  have  made  it  clear  that 
the  forementioned  bank  is  the  connecting  ridge  between  the  3004 
feet  hill  and  the  next  hill  (2995  feet).     This  last  mentioned  hill 

*  I  found  no  other  grey  granite  boulder  on  the  S.W.  of  Nevis,  though 
many  on  the  N.E.  The  amianthus  boulder  may  fairly  be  referred  to  the  lime 
locality  near  Glen  Nevis. 

t  This  discovery  of  a  rock  i7i  situ,  identically  the  same  as  the  rock  composing 
boulders  seen  on  Stob  Coire  a'  ChearchaiU,  alters  the  opinion  I  had  formed 
last  year  as  to  the  direction  from  which  these  boulders  had  come. 
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rises  out  of  the  bank  in  plumb  precipices  of  say  30  to  60  feet, — a 
deep-red  burnt-like  porphyry,  rudely  columnar." 

Stoh  Bhan  (3274  feet)  and  Sgor  a  Mhaim  (3601  feet)  are  both  of 
them  quartzite;but  the  connecting  ridge  was  found  to  be  in  some 
places  almost  a  clay  slate. 

(4)  On  following  day,  drove  up  Glen  Nevis  to  Achriahhadi,  aod 
from  that  walked  up  past  Steall,  and  thereafter  climbed  the  quartzite 
ridge  to  the  N.E.  The  first  half  of  the  walk  astonished  me  on 
account  of  the  absence  of  boulders,  in  this  part  of  Olen  Nevis,— 
considering  the  thousands  which  lie  at  and  about  the  mouth  of  the 
Glen.  Above  the  narrow  part  of  the  glen  at  Meall  CttmhoM 
(2000  feet)  the  whole  surface  seemed  swept  clean.  We  b  iw  only 
one  boulder  (micaceous  schist)  about  a  yard  square.  It  lay  on  the 
S.  side  of  Sgdr-OrChoinnich  Beg  (3108  feet)  at  an  elevation  of  1830 
feet.  We  went,  in  an  easterly  direction,  over  seven  other  hills  from 
3600  to  3858  feet  in  height,  and  then  descended  the  N.W.  slopes  of 
Stoh  Coire  Chalourie  to  Carrie  Coilzie.  Until  we  came  near  this 
last  named  place,  we  saw  no  boulders.  Between  the  heights  of  1740 
and  1260  feet  on  the  N.W.  slope,  we  came  upon  eight  bouldets 
lying  rudely  in  a  line,  ''as  if  part  of  a  lateral  moraine."  Thej 
were  all  much  of  one  size,  about  6x6x5  feet ;  and  they  were 
of  two  kinds  of  rock  only,  viz.,  the  Livingston  rock,  and  a  grey 
granite  rather  fine  in  grain ;—  the  site  of  neither  rock  is  known 
to  me.* 

(5)  Another  excursion  was  made  with  Mr.  Livingston  to  Craig 
Dhubhf  a  hill  near  the  mouth  of  Glen  Roy.  We  found  a  number  of 
huge  boulders  at  1780  feet,  and  extending  to  within  20  feet  of  summit, 
(which  is  about  2200  feet  above  sea).  They  lay  on  S.  and  S&^ 
side  of  hill  There  was  well-marked  glaciation,  with  much  rounding 
of  rock-surfaces  at  2050  feet,  in  a  line  N.N.W.  and  SwS.E. ;  and  it 
seemed  to  us  that  the  movement  had  been  from  the  last  pointy  hot 
we  had  not  time  to  satisfy  ourselves  on  the  point  All  the  bonlden 
seen  on  this  hill  are  of  the  same  two  rocks  as  those  seen  above  Oou« 
Choilzie  (t.e.,  on  the  slopes  of  Stab  Coire  Chalourie,  at  the  height  of 
1740  feet),  over  which  we  had  passed  two  days  previously. 

*  Professor  Duns  having  read  these  notes,  informs  the  CoaveiMr  thit 
boulders  of  the  kind  of  rock  here  mentioned  (Livingston  rock),  wereohssrfed  by 
him  on  the  &\o^  of  Meall  an  t  Suidhe,  near  the  montfa  ol  Olsn  Nem 
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"This  hill  should  be  thoroughly  explored."* 

Professor  Heddle  in  concluding  his  notes,  states  that — "Looking  to 
what  [  saw  on  and  of  the  ridge  which  forms  the  S.  side  of  Qlen 
Nevis; — the  patch  of  matter  on  the  N.E.  side  of  the  summit  of 
Meall  nan  Cleireach  ; — the  quartzite  blocks  on  the  summit  of  Mullach 
nan  Coirean  ; — the  red  felspar  syenite  in  situ  to  the  E.  of  this ; — a 
detrital  bank  at  an  altitude  of  2904  feet ; — and  the  quartzite  and 
gneiss  hills  to  the  E., — no  doubt  remains  on  my  mind  of  there 
having  been  a  glacier,  which,  sweeping  down  Glen  Nevis,  overtopped 
the  hill  of  3077  feet,  on  which,  when  decreasing  in  bulk,  it  may  have 
left  the  quartz  blocks;  that  when  it  dwindled  somewhat  more,  it 
carried  ofif  blocks  of  the  syenitic  granite  from  somewhere  near  its 
2904  feet  locality;  then,  overflowing  all  the  lesser  heights  to  tlie 
W.,  crossing  the  Linnhe  Loch,  and  sweeping  into  the  directly 
opposing  Sroin  a  Chearcaill  glen,  it  was  finally  stopped  by  the 
precipice  of  Strain  Coire  Chobarceaill,  upon  the  ridge  of  which  (2300 
to  2500  feet)  it  left  the  boulders,  as  a  kind  of  terminal  moraine." 
"  That  while  still  further  dwindling,  it  laid  down  the  detrital  patch 
on  the  N.E.  top  of  Meall  au  Cleireach  (1580  to  1626  feet).  Lastly 
when  its  bulk  was  no  longer  great  enough  to  pass  in  a  direct  westerly 
course  over  1600  feet  hills,  it  was  deflected  by  them  into  the  N.W. 
bend  of  Glen  Nevis." 

He  is  also  of  opinion  that  another  great  glacier,  of  nearly  equal 
spread  but  lesser  depth,  may  have  been  cradled  in  the  gorges  which 
lie  between  the  lofty  ridge  of  Aonach  Beg  and  Aonach  Mor,  and  the 
nearly  equally  lofty  quartzite  ridge  which  stretches  from  Sgor-Choinich 
Beg  to  Stob  Coire  Chalaurie ; — and  that  this  glacier  may  have  sent  a 
tongue  of  ice  northwards  across  the  scoop  of  Lochaber.  Before  com- 
mitting himself,  however,  to  such  a  view,  he  would  require  many 
more  days  exploration  of  the  district 

*  [Note  by  Convener. — There  is  the  greater  reason  for  the  more  thorough 
exploration  here  suggested,  because  Craig  Dhu  has  been  examined  by  several 
other  geologists, — Professor  Nicol,  Mr  Jameson  (Ellon),  Mr  Jolly  (Inverness), 
and  the  Convener.  The  opinions  formed  by  several  of  these,  were  that  the 
agent  which  transported  the  boulders  and  glaciated  the  rocks  on  the  hill 
came  not  from  the  eastward  but  from  the  westward.  Royal  Society  of 
Edinburgh  Trans.,  vol.  xxvii.  p.  640.] 


778  Proceedings  of  the  Royal  Society 


Bemarks  bp  Mr.  Milne  Home^  on  presenting  Report^ 

6th  Jime  1882. 

As  Convener  of  the  Boulder  Committee  I  now  present  the 
Eighth  Annual  Report. 

I  presume  it  is  not  expected  that  I  am  to  read  the  Eeport^  and 
that  it  will  be  sufficient  if  I  describe  verbally  what  appear  to  me 
the  most  interesting  parta 

But  before  doing  so,  I  beg  to  offer  a  few  remarks  of  a  general 
nature,  explaining  the  objects  for  which  the  Committee  was 
appointed,  and  the  lines  of  inquiry  pursued,  as  members  will  in  this 
way  be  better  able  to  see  the  bearings  of  the  information  contained 
in  the  Report. 

These  blocks  of  stone  called  boulders,  so  called  probably  from 
their  generally  rounded  form,  were  first  subjected  to  scientific 
observation  and  discussion,  about  seventy  years  ago^  by  a  dis- 
tinguished Fellow  of  this  Society,  whose  portrait,  as  Preddent, 
hangs  on  these  walls — Sir  James  Hall  of  Dunglass.  His  Memoir 
on  the  subject  was  published  in  our  Transactions,  I  think,  about  the 
year  1812.  He  was  the  first  who  realised  the  fact  that  most  of 
these  boulders,  before  reaching  the  sites  now  occupied  by  them,  had 
travelled  great  distances ;  and  having  convinced  himself,  by  a  dose 
study  of  the  position  of  the  boulders,  that  they  had  come  from  the 
westward,  he  suggested  that  there  had  been  great  inundations  of  the 
sea,  whose  waters  swept  fragments  of  rock  across  the  countiy, 
subjecting  them  to  enormous  friction,  and  thus  giving  to  them  their 
rounded  forms. 

That  theory  was  accepted  for  many  years,  until  it  was  pointed 
out  that  boulders,  similar  in  appearance  to  those  in  Scotland,  and 
not  less  in  magnitude,  were  to  be  seen  travelling  on  the  surface  of 
glaciers,  and,  on  reaching  the  lower  extremities  of  these  gladerB, 
were  thrown  down  on  localities  remote  from  the  rocks  of  which 
they  were  fragments.  This  view  obtained  great  favour  aboat 
the  year  1840,  having  been  advocated  by  the  distingaiahed 
Swiss  naturalist  Agassiz,  who,  in  company  with  the  late  Ptofeaior 
Buckland,  visited  the  Highlands  of  Scotland,  and  declared  that  the 
transport  of  our  Scotch  boulders  might  be  accounted  for  in  that  waj. 
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At  a  later  date,  it  became  known  that  bonldeis,  both  nnmerons 
and  large,  were  to  be  seen  on  icebergs  and  shore — ice  floating  in  the 
Arctic  Sea,  and  from  which  they  were  dropped  when  the  icy  rafts 
melted,  or  stranded  on  submarine  rocks  or  sandbanks.  To  make 
this  explanation  possible  for  Great  Britain,  it  implied  the  submer- 
gence of  the  land  beneath  the  waters  of  an  ocean  many  hundred 
feet  above  the  present  sea-level,  and  having  a  temperature  greatly 
lower  than  that  of  our  present  British  seas. 

Whilst  each  of  these  theories  has  its  supporters,  all  geologists 
are  agreed  on  one  point — that  for  the  transport  of  our  Scotch 
boulders,  many  being  hundreds,  some  even  thousands  of  tons 
in  weight,  in  order  to  be  carried  many  miles  across  a  country, 
some  agent  of  tremendous  power  has  to  be  sought  for,  of  whose 
existence  and  operations  these  boulders  were  witnesses.  Could  these 
boulders  speak,  what  curious  revelations  would  they  not  give 
out ;  or,  could  the  mysterious  markings  on  the  surface  of  many  of 
them,  markings  impressed  whilst  in  transitu^  be  rightly  interpreted, 
what  important  inferences  as  to  the  nature  of  the  agent  which 
carried  them  might  not  be  obtained  ? 

Another  circumstance  added  to  the  interest  of  the  inquiry.  The 
events  whose  occurrence  these  boulders  indicate  must  have  been,  in 
a  geological  sense,  of  recent  occurrence.  The  boulders  lie  generally 
above  aU  the  rock-formations,  and  even  above  all  the  beds  of  clay, 
gravel,  and  sand,  which  form  the  surface  of  the  country.  They, 
therefore  belong  to  a  period  subsequent  to  any  of  these  geological 
deposits. 

Such  were  some  of  the  speculations  current  among  geologists 
when,  in  the  year  1871,  this  Society  resolved  to  appoint  a  Committee 
to  investigate  the  subject.  Though  our  Society  was,  I  believe,  the 
first  in  Great  Britain  to  take  this  step,  other  societies  on  the  Con- 
tinent had  preceded  us.  Three  years  previously,  Professor  Favre  of 
Geneva  had  organised  a  committee  of  inquiry  for  Switzerland,  and 
at  his  instance  the  Geological  Society  of  France  took  similar  steps. 
I  received  several  letters  from  the  Professor,  urging  me  to  propose 
this  inquiry  also  for  Scotland.  His  communications  having  been 
made  known  to  the  Council  of  our  Society,  the  result  was  the 
appointment  of  a  Committee  in  April  1871. 

In  the  autumn  of  that  year,  the  British  Association  for  the 
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Advancement  of  Science  held  its  usual  annual  meeting,  and  it  in 
like  manner  appointed  a  Boulder  Committee  for  England. 

For  the  first  year  or  two  of  its  existence,  our  Committee  was 
occupied  in  procuring  intelligence  regarding  houlders  hj  circulars 
addressed  to  the  parochial  clergy  and  schoolmasters,  and  in  our 
first  two  Reports,  the  information  given  was  almost  exclusiveiy 
a  statement  merely  of  the  localities  of  the  boulders  made  known  to 
us,  their  dimensions,  and  their  altitude  above  sea-leveL  But  latterly, 
the  Committee,  besides  obtaining  information  on  these  points,  has 
endeavoured  to  ascertain  facts  which  seemed  likely  to  throw  light 
on  the  different  theories  of  transport  Thus,  almost  the  first  ques- 
tion for  eliciting  information,  in  the  event  of  the  rock  of  a  boulder 
dififering  in  composition  from  all  the  rocks  in  the  neighbourhood, 
was  whether  any  other  part  of  the  country  was  known,  where  the 
same  kind  of  rock  prevailed  ?  That  being  ascertained,  How  many 
miles  must  the  boulder  have  travelled,  to  reach  its  site  f  In  what 
direction  by  compass-bearings,  did  it  travel  1  Had  it  to  cross  any 
valley  deeper  than  its  site  f  or  to  cross  any  range  of  hills  higher  than 
its  site  ?  or  to  cross  any  arm  of  the  sea  ?  If  there  were  boulders 
perched  on  the  summit  or  ridge  of  a  hill  at  a  great  height,  were 
there  hills  in  the  neighbourhood  at  a  greater  height,  fit  for  being 
the  birthplace  of  a  glacier  which  might  have  brought  the  boulders  I 

These  are  examples  of  the  inquiries  which  our  Committee  has 
latterly  instituted,  in  order  to  obtain  data  for  the  solution  of  the  pro- 
blem. I  by  no  means  say  or  think  that  the  data  obtained  are  yet 
sufficient;  but  in  the  eight  Eeports  supplied  by  the  Committee,  a 
large  amount  of  information  will  be  foimd  which  at  all  events 
clears  up  many  points  of  interest 

I  will  now  indicate  verbally  certain  parts  of  the  present  year's 
Report. 

During  the  past  year  materials  have  been  contributed  by  twelve 
gentlemen,  four  of  whom  are  members  of  the  Committee. 

1.  The  district  regarding  which  most  information  has  been 
obtained  is  a  very  important  ona  It  is  the  district  of  which  Ben 
Nevis  is  the  highest  point,  and  it  comprises  about  12  square  mile& 
The  Bfiii  itself  reaches  to  an  altitude  above  the  searlevel  of  4406 
feet ;  but  within  the  limits  of  the  district,  th^re  are  many  hills 
exceeding  2500  feet,  and  several  exceeding  30(K)  feet. 
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The  labour  of  climbing  these  hills  to  examine  the  boulders  on 
them  is  much  enhanced  by  proximity  to  the  sea-leveL  Mountains 
in  the  interior  of  the  country  generally  rise  from  an  elevated  plain, 
which,  of  course,  lessens  the  ascent  to  their  tops. 

The  boulders  in  this  Ben  Nevis  district  are  described  in  notes 
by  Professor  Duns  and  Professor  Heddle,  two  members  of  the 
Committee,  and  by  Mr.  Colin  Livingston,  teacher  of  Fort-William 
Public  School 

Professor  Heddle  and  Mr.  Livingston  having  joined  in  the 
examination  of  the  district,  a  map  has  been  given  to  show  the 
tracks  followed  by  them;  it  also  includes  the  localities  mentioned 
in  the  notes  by  Professor  Dun&     (See  Plate  subjoined  to  Iteport) 

It  will  be  seen  from  the  notes  by  Professor  Heddle  and  Mr. 
Livingston,  that  they  think  that  most  of  the  phenomena  observed  by 
them  can  best  be  explained  by  supposing  that  a  glacier  passed 
through  Glen  Nevis  in  a  northerly  and  N.W.  direction.  It  appears 
to  the  Convener  that  the  facts  most  strongly  favouring  this  view  are 
the  boulders,  consisting  of  rocks  (especially  red  syenite  and  quartz) 
identical  in  composition  with  rocks  forming  hills  situated  to  the 
south  of  Ben  Nevis,  which  reach  to  heights  of  about  3000  feet. 
Another  fact  relied  on,  is  the  occurrence  in  Glen  Nevis  of  rocks 
smoothed  and  striated,  which  it  is  thought  may  be  best  accounted 
for  by  heavy  bodies  of  ice  passing  down  the  glen.  Some  import- 
ance also  is  attached  to  "  a  detrital  bank  at  an  altitude  of  2904  feet,*' 
forming  "  for  about  100  yards,  and  about  40  feet  deep,  a  ridge  or 
bank  of  loose  material,  broad  enough  for  three  persons  to  walk  upon 
abreast,  and  containing  much  gravel  and  small  rounded  stones. '^  In 
regard  to  this  "detrital  bank,"  Professor  Heddle  remarks: — 
"Whether  a  glacier  showered  down  the  heaps  of  stones  which 
form  the  ridge,  or  whether  it  had  been  deposited  by  aqueous  agency^ 
may  be  matter  of  opinion  "  ("  Report,"  p.  35). 

The  Convener  feels  difficulty  in  accepting  this  glacier  theory  as 
being  sufficient  of  itself  to  explain  all  the  phenomena. 

Then,  when  it  is  said  that  on  the  summit  of  Mvllach  nau  Oorrean 
(at  a  height  of  3077  feet) — which  "forms  a  great  round  dome  of 
red  granite  " — "  there  are  several  small  angular  hlocks  of  ptire  white 
quartz  rock,  the  nearest  locality  of  which  is  the  peak  of  Stoh  Bhan" 
at  a  height  of  3274  feet  above  the  sea,  I  ask,  where  could  a  glacier 
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have  been  formed,  on  which  blocks  could  fall  from  8toh  Bha»^  to 
be  carried  to  Midlach  nau  Correan  f 

The  detritid  hanky  **  eonliaining  mud,  graveli  and  small  rounded 
stones  "  at  a  height  of  2904  feet,  100  yards  long  and  40  feet  deep, 
seems  more  like  a  submarine  bank  than  a  moraine,  especially  as  at 
that  height,  any  glacier  generated  about  Stab  Bhan  could  have 
had  no  opportunity  of  collecting  sufficient  debris  to  form  a 
moraine  of  such  dimensiona 

« 

The  atficUions  on  the  rocks  of  Ben  Nevis  do  not  necessarily  imply 
glacier  action,  for  striations  have  often  been  seen  in  localities,  as  in 
islands,  where  no  glacier  could  have  existed. 

Professor  Duns  in  his  notes  avoids  adoption  of  any  theory,  but 
he  mentions  some  facts  which  seem  to  suggest  explanation.  Thus, 
in  noticing  the  '^  gravel  heaps,"  he  says,  that  the  blocks  which  occur 
in  them,  are  ^'  subangular  blocks  of  the  immediate  neighbourhood," 
and  that  the  blocks  which  are  erraUeSy  occur  on  the  gravel  heaps; 
meaning  apparently,  that  the  gravel  had  been  deposited  first  by  one 
agency,  and  the  erratics  afterwards  by  another  agency. 

In  referring  to  boulders  occurring  on  "the  mountain  slopes," 
Professor  Duns  takes  special  notice  of  the  remarkably  precarious 
position  of  many  large  "  granite  boulders  lying  on  mica  schist  rock^i 
where  the  side  of  the  mountain  slopes  down  so  steeply  as  to  make 
it  a  puzzle  to  understand,  how  they  can  remain  in  position" 
(pp.  23,  24). 

It  is  also  a  puzzle  to  conceive  what  kind  of  agent  it  was  which 
could  set  these  boulders  upon  the  steep  slope  of  a  hill  so  gently  and 
exactly,  as  enabled  the  boulders  to  occupy  positions  of  stability. 
One  large  porphyry  boulder  is  mentioned  with  the  "  angle  of  its  site 
to  the  horizon  35^  "  (page  23).  Having  been  brought  from  a  distance 
on  a  glacier  or  on  floating  ice,  a  boulder  must  in  either  case  have 
fallen  with  such  violence,  as,  by  the  reaction  of  concussion,  to  have 
slipped  down  any  slope  even  though  far  from  steep. 

The  only  rational  way,  as  it  appears  to  me,  of  accounting  for  the 
position  of  these  boulders  is  to  suppose  that  the  valleys  became  filled 
with  detritus  when  the  land  was  submerged,  and  that  floating  ioe 
dropped  boulders  on  the  detritus.  If  the  boulders  were  dropped 
near  the  side  of  a  valley,  the  boulders,  as  the  detritus  was  removed 
by  rain  and  mountain  streams,  would  slowly  and  graduallj  aink  tiD 
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they  reached  the  slope  of  the  hill,  and  would  then  find  a  reating 
place. 

This  view  u  indicated  by  the  folloving  diagram,  whete  A  lepie- 
■enta  a  boulder  in  detritoe,  and  B  the  aanie  boulder  when  tba 
detritus  was  nearly  all  removed  from  the  valley ; — 


In  the  Seventh  B«poit  of  the  Committee  I  Huggeeted  tbia  explan 
ation  of  the  poration  of  two  boulders  lying  on  the  steep  side  of  a 
valley  near  Oban ;  and  I  now  give  these  diagrams  in  further  explan- 
ation of  a  difficulty  which  Professor  Dons  twice  refers  to  in  his 
notes.* 

Another  point  brought  out  by  Professor  Duns  is  the  arrangement 
of  boulders  in  apjooximate  line»  or  roiM,  of  which  aeveral  examples 
are  giveo.  He  states  that  "  they  appear  tn  hmg  linea,  some  times 
fttj  apart,  but  there  is  no  mistaking  their  place  in  the  lines  which 
■re  W.N.W,  and  E^S.£."  In  another  place  he  refers  to  "two  towm 
of  boulders  being  nearly  direct  west  The  first  block  is  grey  granite, 
7x4x6  feet,  angle  of  dte  to  horizon  40°,  the  otheis  are  gtey 
granites,  porj^yiiee,  and  mica  schists,  their  larger  axis  being  2f.N.W. 
and  £.&£." 

Keeping  in  view  the  trainees  of  boulders  mentioned  by  Dr.  Heddls 
in  last  year's  Report,  as  seen  by  him  in  Rannoch,  it  may  be  assumed 
that  this  amngement  of  boulders  is  a  feature  requiring  special 
attention,  as  probably  indicative  of  the  nature  of  the  medium  by 
which  the  boulilera  were  brought  to  their  present  sitee.  I  have  no 
recollection  of  seeing  in  Switzerland,  or  hearing  of  boulders  there, 
forming  lines  or  rows  after  being  projected  from  a  glacier.  But 
ArcUc  voyagers  represent  the  sheets  of  ice  fonned  along  a  rocky 

*  That  b11  or  mmt  of  the  valleya  vere  filled  origmally  with  detritoB  U  evident, 
from  tlie  scconnt  given  in  Dr.  Hsddle's  notes  of  a  great  bank  of  detritas  foond 
by  him  at  %  height  of  £901  feet  {page  3G) ;  and  from  the  fact  mentioned  hy 
Profemor  Dans,  that  one  very  large  gneiu  bonlder  (weighing  about  100  tons) 
wu  found  by  him  on  a  ateep  dope  at  a  height  of  IGOO  feet,  resting  mainly  oit 
IKrm  trnaU  rtmnded  granUe  bmiUUn  (page  14). 
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shore  as  often  covered  by  blocks  of  stone  which  have  rolled  off  the 
land,  and  which,  when  floated  away  from  the  shore,  drop  their 
cargoes.  These  possibly  may  form  rows  on  the  sea-bottom,  if  the 
ice  raft  followed  a  straight  track,  or  if  an  iceberg  ploughed  its 
way  among  the  boulders  when  on  the  sea-bottom,  and  pushed  them 
aside  into  approximately  straight  lines. 

Professor  Duns,  whilst  narrating  the  facts  observed  by  him,  has 
avoided  theoretical  speculation  ;  but,  after  completing  lus  record  of 
facts,  he  concludes  his  notes  by  observing  that  "  a  careful  examina- 
tion of  the  deposits  within  the  area  described,  so  far  as  they  bear 
on  Arctic  conditions  of  climate  and  a  glacial  surface,  leads  to  the 
belief  that  the  bulk  of  the  phenomena  may  ultimately  find  their 
explanation  in  the  recognition  of  two  movements,  one  outwards  from 
Ben  Nevis  as  a  centre,  the  other  a  force  travelling  from  the  W., 
the  N.W.,  or  the  N.N.W/*  (page  23). 

I  presume  from  this  remark  that  Professor  Duns  means  that  there 
have  been  two  separate  agencies,  viz.  (1)  glaciers  which  filled  the 
valleys  and  covered  the  mountain  sides,  and,  after  the  land  was 
submerged  (2)  floating  ice,  which  came  from  the  directions  indicated 
by  him. 

If  that  view  be  correct,  future  observers  in  the  Ben  Nevis  district, 
(and  there  is  still  an  ample  field  there  for  further  exploration),  should 
endeavour  to  study  what  are  the  traces  of  each  separate  agency. 

Whilst  Dr.  Heddle  in  his  Ben  Nevis  excursions  has  seen  mostly 
the  traces  of  glacier  action,  he  has  elsewhere  very  clearly  pointed 
out  the  evidence  of  a  great  and  general  movement  over  the  country 
from  a  westerly  direction.  In  the  notes  supplied  for  this  Eeport 
he  gives  an  example  of  blocks  disrupted  from  a  vein  or  dyke  of 
white  granite,  in  Glen  Finnan,  illustrated  by  a  diagram  (page.  32), 
carried  up  hill  and  for  about  one-third  of  a  mile  to  the  eastward ; 
and  he  has  also  pointed  out,  as  lying  on  the  Ochil  Hillsi  boulders  of 
dolerite,  red  granite,  and  almond  conglomerate,  which  he  has 
identified  with  rocks  in  situ,  some  of  them  twenty  miles  distant, 
situated  to  the  westward  (page  31). 

2.  Another  district  which  has  been  well  surveyed  is  thai  near 
Inverness,  and  chiefly  to  the  S.  and  S.K  A  list  of  no  lees 
than  about  twenty  large  boulders  in  that  district  has  been  sup- 
plied by  Mr.  Wallace,  master  of  the  High  School  of  that  town; 
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In  the  case  of  those  which  he  has  been  able  to  identify  with 
rocks  in  situ,  he  states  that  they  have  all  come  from  some 
westerly  point  Mr.  Richardson,  a  member  of  out  Committee, 
has  visited  many  of  the  boulders  in  the  list  given  by  Mr.  Wallace, 
and  states  in  his  notes  (page  11)  that  he  was  "struck  with  the 
number  of  boulders  dotting  eminences,  and  with  the  depth  of 
sand  which  covered  the  hills,  the  whole  pointing  to  a  period  of  sub- 
mergence in  Post  Pliocene  times."  In  corroboration  of  this  view, 
he  cites  the  discovery  last  summer  by  Mr.  James  Fraser,  C.R, 
Inverness,  of  Arctic  marine  shells  at  the  height  of  500  feet  above 
the  sea,  at  Drummore  of  Clava  in  this  district." 

3.  Notes  have  also  come  to  the  Committee  from  Mr.  Wm.  Morrison, 
secretary  to  the  Dingwall  Field  Naturalists'  Club.  He  has  traced 
the  boulders  of  granite  and  mica  schist  which  abound  on  Tulloch 
Hill,  to  rocks  situated  on  Ben  Wyvis  and  Cairn  Cunnaig,  hi11«  situ- 
ated from  ten  to  twenty  miles  to  the  W.  and  N.W. 

Nothing  has,  however,  been  discovered,  to  show  decidedly  whether 
the  transporting  agent  was  glacier  or  floating  ice,  except  the  physical 
outline  of  the  country,  which  is  quite  unfavourable  to  the  generation 
or  movement  of  a  glacier. 

Mr.  Morrison  suggested  for  consideration  a  curious  question — 
Whether  certain  artificial  cup^markings  discovered  by  him  on  one  of 
the  Tulloch  Hill  boulders  might  not  have  been  cut  before  the  date 
of  some  natural  strisB  which  occur  on  the  boulder  1  His  reason  for 
suggesting  the  question  being  that  "  these  cup  marks  were  faint, 
where  the  scorings  are  deepest  and  most  frequent." 

He  drew  my  attention  to  the  circumstance,  stating  that  it  was  a 
question  interesting  alike  to  geologists  and  archaeologists,  so  I  wrote 
to  ask  specially  whether  any  idea  was  entertained  by  him  as  to  the 
possibility  of  the  strisB  on  the  boulder  having  been  formed  after  the 
cop  marks  had  been  formed.  His  answer  was : — "  The  suggestion 
formed  on  the  mind  unquestionably  is,  that  the  caps  were  partially 
obliterated  by  the  scoring  agent,  and  hence  were  made  before  the 
natural  striae"  (page  16). 

If  this  suggestion  is  supported  by  further  examination  and  study, 
it  woidd  indeed  be  a  very  marvellous  discovery,  supporting  the  idea 
that  glacial  agencies  had  been  in  operation  since  the  arrival  of 
human  inhabitants  in  Easter  Boss. 
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But  Ib  it  quite  certain  that  the  cup  marks  are,  as  Mr.  MarnBiHi 
thinks  they  are,  artificial  % 

Professor  Duns,  in  his  notes  on  Ben  Nevis,  mentions  that  on  one 
of  the  boulders  mentioned  by  him,  "  are  seyeral  round  hollows,  so 
yery  like  the  cup-markings  of  the  archaeologist,  that  at  first  sight 
they  seem  artificial  But  in  another  block,  a  bit  having  beeD 
noticed  protruding  from  the  surface  on  being  struck  with  the 
hammer,  fell  out,  leaving  the  cup-marking  on  the  stone  "  (page  21). 

Might  not  the  cup-markings  on  the  Tulloch  boulder  be  of  the 
same  nature  as  those  on  the  Ben  Nevis  boulder,  which  at  first 
deceived  Professor  Duns  ? 

4.  Notices  of  some  interest  have  been  received  regarding  boulders 
in  North  Eonaldehay^  Orkney,  and  from  Fair  Isle  and  Lunna  in  the 
Shetlands.  Boulders  on  islands,  which  differ  from  the  rocks  of 
these  islands,  and  can  be  identified  with  rocks  of  islands  distant 
eight  or  ten  miles,  and  separated  by  deep  arms  of  the  sea,  are 
of  extreme  interest,  because  the  theory  of  glaciers  is  quite  ina|^c- 
able  to  them.  Floating  ice  is  the  only  possible  solution,  and  if 
subject  to  the  agency  of  tidal  currents  and  varying  winds,  it  will 
also  explain  why  the  directions  of  transport  vary  as  they  do  in  the 
Orkneys  and  Shetlands. 

5.  I  have  only  now  to  allude  to  the  small  contribution  which  I 
have  myself  been  able  to  supply  for  this  year's  Report  It  Ib 
shown  by  a  woodcut  in  the  Report  and  by  a  coloured  diagram  <m 
the  walL  The  boulders  referred  to  in  these,  being  a  compact  gneut, 
whilst  the  rocks  of  the  hill  are  day  slate,  there  can  be  no  doubt 
that  they  are  true  erratics,  and  that  they  have  come  from  the  west- 
ward, as  there  are  few  gneiss  rocks  anywhere  to  the  eastward, 
and  they  occur  in  abundance  towards  the  west  in  Jura,  Coloxuaj, 
Mull,  and  along  the  shores  of  Lochs  Sweyn  and  Killesport. 

The  hill  which  boars  these  boulders,  stands  by  itself  reaching  to 
a  height  of  710  feet  above  sea-level.     It  is  in  a  sort  of  amphithestro 
formed  by  a  range  of  hills  both  south  and  north,  which  reach  to  a 
height  of  from  1200  to  1500  feet,  with  openings  towards  both  east 
and  west.     My  conjecture,  therefore,  is  that  floating  iee  canyiog 
boulders  flowed  in  from  the  west,  and,  stranding  on  the  hill,  lo4ged 
there  the  boulders  which  now  lie  not  only  on  the  top,  but  on  tba 
south-east  side  ot  the  hilL 
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There  are  several  other  facts  mentioned  in  the  Report,  showing 
that  through  the  gorge  or  kyle  which  lies  between  East  and  West 
Loch  Tarbert  a  strong  current  must  have  passed,  spreading  boulders 
on  each  side  of  the  gorge,  striating  rocks,  and  depositing  detritus. 
The  heaps  of  detritus  are  chiefly  on  the  east,  i.e.,  the  lee  side  of 
rocky  knolls. 


3.  Supplement  to  the  Eighth  Report  of  the  Boulder  Committee. 

Origin  and  Ohjecis  of  the  Committee  appointed  by  the  Royal  Society 
of  Edinburgh  to  obtain  information  regarding  Botdders  in 
Scotland. 

The  subject  was  brought  before  the  Society  by  Mr.  Milne  Home 
in  a  paper  referred  to  in  the  following  Minute  of  Council,  dated  21st 
AprU  1871  :— 

"  The  Council,  whilst  authorising  Mr.  Milne  Home's  paper  "  On  the 
Conservation  of  Remarkable  Boulders  in  Scotland,''  to  be  read  at  an 
ordinary  meeting  of  the  Society,  agree,  in  compliance  with  a  sugges- 
tion in  the  paper,  to  express  approval  of  its  object,  and  of  the  scheme 
proposed  for  carrying  it  out 

"  The  Council  nominate  the  following  Fellows  of  the  Society  as  a 
Committee  to  assist  Mr.  Milne  Home  in  this  matter. — Professor 
Christison,  Professor  Geikie,  Professor  Wyville  Thomson,  Rev. 
Thomas  Brown,  Captain  White,  R.E.,  Dr.  Arthur  Mitchell,  Thomas 
Stevenson,  C.K,  Dr.  Page,  Professor  Nicol  (Aberdeen),  Professor 
Young  (Glasgow) ;  Mr.  Milue  Home  to  be  Convener.  The  Council 
agree  to  supply  the  Committee  with  copies  of  Mr.  Milne  Home's 
paper,  when  printed  in  the  Proceedings  of  the  Society,  if  the 
Committee  should  wish  to  circulate  it,  with  a  view  to  create  an 
interest  in  carrying  out  the  scheme." 

(Signed)  J.  H.  Balfour,  Secretary, 

The  following  extracts  are  made  from  Mr.  Milne  Home's  paper, 
read  on  5th  May  1871. 

Among  many  geological  questions  which  wait  solution,  there  is 
probably  none  more  interesting  or  perplexing  than  the  agency  by 
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which  boulderB  or  "  blocs  erratiques,"  as  the  French  term  them,  have 
come  to  their  present  sites.  I  allude,  not  to  blocks  lying  at  the  foot 
of  some  mountain  crag  from  which  they  have  fallen,  bat  to  blocks 
which  have  manifestly  been  transported  great  distances,  after  being 
detached  from  rocks  of  which  they  originally  formed  part. 

That  many  of  tlie  large  isolated  blocks  lying  on  our  mountain  sides 
and  on  our  plains  have  come  from  a  distance,  and  by  some  agency  of 
tremendous  power,  is  obvious  even  to  an  unscientific  observer ;  and 
the  perception  of  this  truth  by  the  popular  mind  has,  in  many  cases, 
so  invested  these  boulders  with  superstitious  interest,  that  they  have 
received  names  and  suggested  legends,  which  impute  the  transport  of 
them  to  supernatural  agents. 

There  are  two  circumstances  which  plainly  indicate  that  these 
stones  are  strangers. 

One  is,  that  many  of  these  blocks  are  in  composition  different  from 
that  of  the  rocks  prevailing  in  or  near  the  district  where  the  blocks 
are  situated,  but  similar  to  rocks  in  distant  parts  of  the  country. 

The  other  is,  that  some  blocks,  whilst  excessively  hard, — ^so  hard  that 
it  is  difficult  to  break  off  a  portion,  are  nevertheless  round  in  form— a 
form  evidently  acquired  by  enormous  friction — such  friction  as  would 
result  from  being  rolled  or  pushed  a  long  way  over  a  rough  surfac& 

These  round  shaped  blocks  were  the  first  to  attract  popular 
attention.  The  name  given  to  them  in  Scotland  of  boulders  has 
no  doubt  been  suggested  by  their  shape. 

It  is  accordingly  chiefly  the  rounded  boulders  which  possess  the 
traditionary  names  and  legends  by  which  many  of  them  are  known. 
Such  names  as  CarlirCs  Stane^  WitcKs  Stane,  Fech  or  Pict's  Stone, 
FingaVs  FuUing  Stone,  GianCs  Stone,  Clack  M^hqr,  Clachanranrdrwd, 
Kirk-Stane,  Fedlar^s  Stane,  Thuggart  Stane,  and  DeviTs  Putting 
Stane,  are  all  applicable  to  rounded  blocks. 

When  the  geologist  turned  his  attention  to  the  subject,  it  was  soon 
discovered,  that  there  were  many  blocks  equally  entitled  to  be  called 
erratic,  not  round,  but  square  shaped ;  and  which,  though  discovered 
to  belong  probably  to  rocks  at  a  great  distance,  yet  showed  signs  of 
little  or  no  attrition.  Moreover,  many  of  these  angular  or  ahaip-edged 
blocks  were  comparatively  soft  and  loose  in  structure,  so  that  they 
could  not  have  been  rolled  or  pushed  for  any  considerable  difftiin^i 
without  being  broken  or  crushed. 
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Oa  a  minate  inspection  of  erratic  blocks,  certain  features  were 
noticed  which  seemed  to  indicate  the  forces  to  which  they  had  been 
subjected.  Thus  on  many  of  them,  deep  scratches,  ruts,  and  groov- 
ings  were  found,  as  if  sharp  pebbles  or  stones  harder  than  themselves, 
had  been  squeezed  against  them  under  great  pressure.  It  was  also 
observed  that,  when  a  block  had  a  long  and  a  short  axis,  the  longer 
axis  was  generally  parallel  with  any  well  marked  scratches  or  striae 
on  its  surface;  and,  moreover,  that  the  direction  of  these  strisB 
frequently  coincided  with  the  direction  of  the  parent  rock. 

These  circumstances  soon  led  geologists  to  speculate  on  the  nature 
of  the  agencies  which  could  have  effected  a  transport 

After  alluding  to  the  different  theories  which  had  been  suggested, 
to  account  for  boulder  transport,  the  paper  proceeds  as  follows  : — 

It  is  not  my  intention  to  discuss  these  theories,  or  say  which  appears 
the  most  probable.  I  allude  to  them  merely  to  indicate  the 
tremendous  character  of  the  agencies,  which  it  is  found  necessary  to 
invoke  for  the  solution  of  the  problem, — agencies  all  implying  a  very 
different  condition  of  things  in  Scotland,  as  regards  configuration  of 
surface  and  climate,  from  what  now  prevails.  These  phenomena  are 
the  more  interesting,  because,  as  most  of  the  erratic  blocks  lie  above 
all  the  rocks,  and  very  frequently  even  above  the  beds  of  clay,  gravel, 
and  sand,  which  constitute  the  surface  of  the  land  we  inhabit,  they 
indicate  probably  the  very  last  geological  changes  which  occurred  in 
this  part  of  the  earth's  surface,  and  which  there  are  some  grounds  for 
supposing,  may  even  have  occurred  since  this  country  was  inhabited 
by  man. 

The  basis  on  which  geologists  have  been  obliged  to  build  their 
theories,  it  must  be  admitted,  is  sufficiently  narrow.  It  consists 
merely  of  observations  made  casually  by  individuals,  who  have 
noticed  certain  appearances  in  districts  which  they  happen  to  have 
visited ;  and,  therefore,  it  is  little  to  be  wondered  at,  that  more  than 
half  a  century  has  been  required  for  procuring  the  information,  scanty 
as  it  is,  which  has  been  obtained. 

What  appears  desirable  for  expediting  the  solution  of  the  problem, 
is  to  discover  and  organise  a  staff  of  observers,  for  the  purpose  of 
discovering  facts  likely  to  throw  light  on  the  subject,  and  of  making 
these  facts  known  from  time  to  time,  both  with  a  view  to  verification, 
and  as  a  basis  for  further  speculation. 
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It  is  probable  that  the  numerous  natural  history  societies  and  field 
clubs  existing  in  Scotland,  would  be  valuable  agents  in  this 
investigation;  and,  moreover,  that  individual  geologists  might  be 
induced  to  co-operate  in  their  respective  districts. 

I  hope  no  one  will  think  that  the  object  for  which  this  investiga- 
tion is  now  asked  is  not  worthy  of  the  trouble  which  it  implies,  and 
of  the  patronage  which  this  Society  is  proposing  to  bestow  on  it 
These  erratic  blocks  bear  the  same  relation  to  the  history  of  our 
planet,  as  the  ancient  standing  or  memorial  stones  do  to  the  history 
of  the  early  races  of  man.  These  last-mentioned  stones, — sometimes 
with  sculpturing  on  them  not  yet  understood^ — sometimes  arranged 
in  circles  or  other  regular  forms  not  yet  explained, — sometimes  found 
in  connection  with  sepulture,  are  beheld  and  studied  with  interest, 
or  the  gleams  of  light  which  they  throw  on  the  people  who  erected 
them;  and  popular  indignation  justly  arises,  when  any  of  these 
prehistoric  records  are  destroyed  or  mutilated.  The  great  boulder 
stones  to  which  I  have  been  referring,  would,  if  investigated  and 
studied,  in  like  manner  cast  light  on  the  last  tremendous  agencies 
which  have  passed  over  whole  regions  of  the  earth.  It  is  therefore 
important  to  have  as  many  of  these  boulders  as  possible  discovered 
and  examined,  and  to  have  such  of  them  preserved  as  seem  worthy 
of  study.  I  need  not  say  how  rapidly,  during  the  last  century,  both 
classes  of  ancient  stones  have  been  disappearing ;  and  therefore,  if  it 
be  desirable  to  preserve  the  most  remarkable  boulders,  the  investiga- 
tion which  I  advocate,  cannot  be  too  soon  begun. 

Alike  in  illustration  and  in  recommendation  of  this  suggestion, 
reference  may  be  made  to  an  investigation  for  the  same  object  com- 
menced two  years  ago  in  Switzerland,  and  in  the  adjoining  parts  of 
France.  The  design  was  twofold, — Firsty  the  conservation  of 
remarkable  boulders  situated  on  the  Jura  and  in  Dauphiny;  and 
second^  the  recording  of  their  positions  by  maps,  and  of  their 
characteristic  features  by  schedules. 

With  this  view  a  circular  was  drawn  out^  and  issued  by  the  Swisi 
Qeological  Commission,  pointing  out  the  scientific  bearings  of  the 
subject,  and  invoking  the  co-operation  not  only  of  provincial  societies, 
but  also  of  municipal  authorities,  and  of  landed  proprietoia  A  few 
extracts  from  the  Swiss  circular  may  not  be  inappropriate : — 

"  Those  erratic  blocks  are  composed  of  granite,  schist^  cdr  limestone; 
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bat  they  rest  on  rocks  of  a  different  description.  They  are  bo 
remarkable  by  their  number  and  size,  that,  from  an  early  period, 
they  attracted  the  attention  of  naturalists,  and  suggested  scientific 
inquiries.  It  is,  indeed,  interesting  to  seek  to  comprehend  how 
enormous  masses,  with  from  40,000  to  50,000  cubic  feet  of  contents, 
and  weighing  from  800  to  1000  tons,  could  be  transported  from  the 
Alps  from  which  they  were  evidently  detached,  to  spots  40  and  50 
leagues  distant,  crossing  deep  valleys,  such  as  the  lakes  of  Geneva, 
Neufchatel,  Zurich,  Constance,  Lucerne,  <lbc 

"  This  great  problem  has  been  discussed  by  numerous  philosophers, 
both  of  Switzerland  and  of  foreign  countries."  Then  follows  a  list 
of  names,  including  those  of  our  own  Playfair,  Lyell,  Murchison, 
Forbes,  Tyndall,  and  Ramsay. 

"  Unhappily"  (the  circular  goes  on  to  state),  "during  the  last  100 
or  150  years,  these  erratics  have  been  broken  up  for  building 
purposes,  and  even  for  road  metal  Recently  the  work  of  destruction 
has  gone  on  more  rapidly,  and,  unless  stopped,  the  result  will  be  to 
obliterate  all  traces  of  one  of  the  greatest  facts  in  the  natural  history 
of  our  country. 

"  Though  the  destruction  of  these  blocks  is  now  advancing  with 
great  rapidity,  there  are  still  a  number  of  very  large  specimens  left, 
and  these  the  Geological  Commission  is  anxious  to  preserve." 

"The  members  of  Archaeological  Societies  are  interested  in  the 
conservation  of  these  blocks,  for  they  often  bear  those  curious 
sculp  tarings,  to  which  much  importance  is  now  justly  attached.'' 

The  appeal  thus  made  to  various  societies  and  to  municipal 
authorities  in  Switzerland,  was  most  successful;  as  in  many  cases 
the  proprietors  on  whose  lands  the  boulders  were  found,  in  order  to 
ensure  their  preservation,  gave  a  right  of  property  in  them  to  different 
natural  history  societies. 

Professor  Favre  of  Geneva,  who  was  the  first  to  institute  the 
movement  in  Switzerland,  next  addressed  a  letter  to  the  Geological 
Society  of  France,  with  the  same  object.  A  Committee  was 
appointed  to  report  on  the  subject;  and  from  their  report, 
which  was  adopted  by  the  Society,  the  following  extract  may  be 
given : — "  Such  is  the  object  pursued  vigorously  in  Switzerland 
with  the  co-operation  of  departments  and  of  individuals.  In  a  word, 
see  what  is  going  on  near  ourselves.     Can  we  remain  outside  of,  and 
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indifferent  to,  this  scientific  enterprise,  especially  when  Mons.  Fa?re 
has  asked  us  to  engage  in  the  same  work,  and  to  undertake  for  oar 
country  what  he  is  doing  for  his]  We  are  bound  to  answer  this 
appeal  The  solution  of  the  same  questions  ought  to  occupy  as. 
These  erratic  phenomena  abound  everywhere  in  our  district  The 
debris  of  rocks  torn  from  the  Alps  cover  the  plain  of  Dauphiny,  the 
plateau  of  the  Dombes,  the  hills  of  Croix,  Eousse,  and  Sainte-Foy. 
Already  many  geologists  have  studied  these  erratic  phenomena  in 
our  neighbourhood,  without  being  able  to  discover  a  solution.  The 
truth,  when  we  seek  it,  seems  to  fiy  from  us,  but  we  must  persevere 
and  pursue  it  till  it  is  caught." 

Professor  Favre's  efforts  for  the  conservation  and  study  of  boulders 
were  not  confined  to  Switzerland  and  France.  Having  discovered 
that  Scotland  afforded  an  extensive  field  for  inquiry,  he  sent  to  me  a 
copy  of  the  circulars  which  he  had  drawn  out,  and  wrote  several 
letters,  from  which  the  following  passages  may  be  quoted  : — *'  Si 
vous  pouvez  organiser  quelque  chose  de  semblable  en  Ecosse,  voos 
m'obligerez  infiniment,  en  me  tenant  au  couranf 

In  a  subsequent  letter,  he  says,  "  Permettez  moi  de  vous  renouveller 
la  demande  que  je  vous  ai  address^,  en  vous  priant  de  me  tenir  aa 
courant  de  ce  que  vous  ferez  pour  les  blocs  erratiques  de  TEcosse,  et 
des  resultats  que  vous  obtiendrez." 

I  have  given  these  details  of  the  proceedings  in  Switzerland  and 
France,  and  quoted  these  passages  from  Professor  Favre's  letters,  in 
order  both  to  add  weight  to  my  proposal,  and  show  how  we  maj 
proceed  to  attain  it. 

The  disappearance  of  numerous  camps,  buildings,  standing  stones, 
and  other  objects  of  archaeological  interest  in  all  our  counties,  which 
every  one  now  regrets,  has  been  owing  in  a  great  measure  to  ignorance 
on  the  part  of  the  proprietors  and  tenants  on  whose  lands  they  were 
situated,  of  the  value  and  even  nature  of  these  objects.     Bat  this 
work  of  destruction  has  been  happily  stopped,  and  chiefly  by  the 
interference  and  influence  of  our  Society  of  Antiquaries.     In  like 
manner,  the  demolition  of  boulders  which  has  been  going  on  lapidlj 
in  Scotland,  will,  I  hope,  be  arrested,  when  the  proprietors  aod 
tenants  on  whose  land  they  stand,  are  made  aware  of  the  interest 
they  excite,  and  of  what  is  being  done  to  preserve  them  in  other 
countries.    Of  course,  it  would  only  be  certain  boulden  whid  it 
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would  be  desirable  to  preserve,  boulders  remarkable  for  size,  or 
shape,  or  position,  or  for  markings  upon  them ;  and  when  a  report 
was  made  to  the  Committee  of  any  boulder  of  this  description,  the 
Committee  would  judge  whether  an  application  should  be  made  to 
the  proprietor  on  whose  lands  it  was  situated,  to  spare  the  stone,  so 
that  it  might  be  preserved  for  examination  and  study.  I  have  little 
doubt  that  such  an  appeal  would  be  attended  to.  Indeed,  in  the 
great  majority  of  cases,  a  proprietor  would  be  pleased  to  learn,  that 
an  object  of  scientific  interest  had  been  discovered  on  his  estate,  and 
would  be  glad  to  have  it  in  his  power  to  accede  to  any  request  in 
relation  to  it  coming  from  a  Committee  of  this  Society. 

The  first  step  taken  by  the  Committee  was  to  send  out  about  700 
circulars  to  parochial  ministers  in  Scotch  counties,  containing  queries, 
with  the  view — 

1.  Of  ascertaining  localities  where  boulders  exceeding  50  tons  in 
weight  existed. 

2.  Of  obtaining  the  dimensions  of  these  boulders. 

3.  Of  learning  whether  the  rocks  beneath  and  near  these  boulders, 
were  the  same  as  or  different  from  the  rock  composing  the  boulders. 

4.  Of  inquiring  whether  there  existed  any  accumulations  of  sand 
or  gravel  in  the  form  of  mounds,  or  elongated  embankments,  above 
sea  level 

5.  Of  ascertaining  whether  these  boulders  were  known  by  any 
traditional  name  or  legend. 

These  700  circulars  produced  about  100  answers,  containing  much 
valuable  information.  But  the  Committee  on  considering  the  answers 
came  to  be  of  opinion,  that  they  had  acted  injudiciously  in  asking 
information  only  regarding  boulders  exceeding  50  tons  in  weight 

They  thereupon  resolved  to  send  out  another  circular  containing 
the  same  queries  as  before,  but  extending  to  boulders  of  20  tons  and 
upwards  in  weight 

The  Committee  fearing  that  they  might  be  considered  troublesome, 
in  again  applying  to  ministers  of  parishes,  addressed  their  second 
circular  to  parochial  schoolmasters. 

The  answers  received  from  them  contained  a  very  large  amount  of 
information. 

The  answers  to  both  circulars  were  then  carefully  examined  by 
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different  members  of  Committee ;  and  it  was  resolved  to  classify  the 
information  according  to  counties.  The  first  report  of  the  Committee 
was  laid  before  a  meeting  of  the  Eoyal  Society  in  April  1872.  It 
gives  in  a  condensed  form,  for  counties  (alphabetically  arranged) 
and  for  parishes  in  each  county,  a  list  of  boulders  with  particulars 
regarding  the  nature  of  the  rock  composing  them,  and  other  features 
of  geological  interest 

The  first  report  also  contains  information  of  archaeological  of 
traditional  interest  regarding  some  of  the  boulders.  But  in  the 
reports  of  subsequent  years,  the  information  given  is  almost  exclu- 
sively geological 

They  include  also  occasional  references  to  beds  of  gravel  and  sand, 
existing  whether  as  mounds  or  in  elongated  embankments; — and 
with  the  view  of  considering  whether  they  might  be  considered  to  be 
ancient  moraines,  and  therefore  indicative  of  local  glaciers,  or  to  be 
submarine  banks,  and  in  this  last  case,  indicative  of  a  submergence 
of  the  land. 

The  chief  object  of  the  Committee  has  been  to  collect  facts,  and 
not  to  announce  conclusions.  But  it  was  also  important  to  obtain 
data,  bearing  on  the  different  theories  of  boulder  transport  Thus  in 
many  cases  the  positions  of  boulders  have  been  specially  noted  when 
these  indicated  the  direction  from  which  thoy  probably  came.  In 
some  cases  their  heights  along  the  sea  were  specially  noted  when 
above  the  level  of  any  possible  glacier ;  or  their  positions  on  islands, 
where  the  existence  of  glaciers  was  most  unlikely.  So  also,  the 
smooth  and  rough  sides  of  rocks,  were  studied  and  explained  when 
they  showed  from  what  quarter  the  smoothing  agent  seemed  to  have 
passed  over  the  rocks. 

The  Committee  have  now  completed  seven  reports.  These  were 
laid  before  meetings  of  the  Royal  Society,  and  have  been  published 
in  the  Society's  Proceedings.     An  eighth  report  is  now  in  progress. 

But  a  wish  has  been  frequently  expressed  to  have  an  index  or  an 
abstract  of  the  information  contained  in  all  the  reports.  His  Grace 
the  Duke  of  Argyle,  in  his  paper  "  On  the  Geology  of  the  Highlands," 
read  at  the  last  Glasgow  meeting  of  the  British  Association^  whilst 
referring  to  the  valuable  information  contained  in  the  reports  then 
published,  expressed  a  hope  that  an  abstract  should  be  drawn  out  by 
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the  Committee.  The  late  Sir  Robert  Christison  at  almost  every 
meeting  reiterated  the  same  wisL 

The  Ck)Dvener  of  the  Committee  *has  made  an  attempt  to  carry  out 
these  suggestions,  by  gathering  out  of  the  seven  reports  already 
published,  all  the  facts,  applicable  to  the  respective  counties,  in 
alphabetical  order. 

The  compendium  is  such  that  any  one  wishing  to  learn  something 
of  the  boulders  in  any  particular  county,  or  parish  of  that  county 
(in  so  far  as  reported  to  the  Committee),  will  be  at  once  able  to  get 
that  information. 

But  besides  a  topographical  abstract  merely  to  show  where  boulders 
of  all  kinds  occur,  one  of  perhaps  greater  interest  might  be  formed, 
classifying  boulders,  under  such  heads  as  the  following,  and  indicat- 
ing the  reports  where  they  are  noticed  :— ( 1 )  Boulders  of  great  size 
or  weight : — (2)  ^boulders  perched  on  peaks  or  summits  of  hills  ;  (3) 
boulders  at  very  high  levels  above  the  sea  ;  (4)  boulders  on  islands 
remote  from  any  mainland ;  (5)  boulder  transport  in  so  far  as 
indicated  by  the  ascertained  direction  of  parent  rock,  or  by  the 
bearing  of  longer  axis  of  boulders,  or  by  the  direction  and  depth  of 
stiiflB  on  their  surfaces. 

Another  heading  in  such  an  abstract,  might  be  a  reference  to 
localities  where  great  accumulations  of  sand  and  gravel  occur, 
whether  in  the  form  of  mounds,  or  embankments,  or  of  horizontal 
terraces,  and  at  various  heights  above  the  sea ;  for  notices  of  these 
occur  in  several  of  the  reports. 
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Monday,  19th  June  1882. 

The  Right  Hon.  LORD  MONCREIFF,  President, 

in  the  Chair. 

The  Council  having  awarded  the  Keith  Prize,  for  the  Biennial 
Period  1879-81,  to  Professor  Chrystal,  for  his  paper  "On  the 
Differential  Telephone,"  published  in  the  Society's  Transactions  for 
the  Session  1879-80,  the  Chairman  presented  the  prize. 

Professor  Tait,  in  explaining  the  grounds  of  award,  said  that 
Professor  Chrystal's  paper  was  one  of  very  high  scientific  interest 
and  value,  and  contained  much  that  was  wholly  originaL  But, 
what  would  be  more  readily  understood  by  the  majority  of  the 
Society,  it  was  one  which  contained  the  description  and  theory  of 
a  now  instrument  destined  undoubtedly  to  improve  in  a  marked 
manner  the  measurement  of  electric  capacities.  Our  means  of 
measuring  these  have  been,  by  this  paper,  raised  from  mere  "  rule 
of  thumb"  to  real  experimental  accuracy.  And  the  subject  for 
measurement  is  one  whose  scientific  and  whose  practical  importance 
are  every  day  becoming  greater. 

The  Council  having  awarded  the  Neill  Prize  for  the  Triennial 
Period  1877-80,  to  Mr.  John  Murray,  for  his  paper  "On  the  Struc- 
ture and  Origin  of  Coral  Reefs  and  Islands,"  communicated  to  the 
Society  on  April  6,  1880,  and  printed  (in  Abstract)  in  the  Pro- 
ceedings for  that  date,  the  Chairman  presented  the  prize. 

Mr.  Buchan,  in  explaining  the  grounds  of  the  award,  said — 
The  Council  has  awarded  to  Mr.  John  Murray  the  Neill  Prize  for 
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the  triennial  period  1877-80,  for  his  paper  on  *'  The  Stroctore  and 
Origin  of  Coral  Beefs  and  Islandsy"  which  was  commonicated  to 
the  Society  on  April  5,  1880,  and  thereafter  printed,  in  abstract,  in 
the  Proceedings  of  the  Society. 

One  of  the  most  remarkable  results  of  the  voyage  of  H.M.S. 
"  Beagle,"  which  was  undertaken  forty  years  ago,  was  the  publica- 
tion by  Mr.  Darwin  of  his  book  On  'the  Structure  and  Distribution 
of  Coral  BeefSf  in  which  he  advanced  a  theory  of  their  mode  of 
formation  which  was  at  once  universally  accepted  by  scientific  men^ 
and  may  be  stated  to  have  been  all  but  universally  entertained  till 
the  publication  of  Mr.  Murray's  paper  on  Coral  JEleefa 

He  had  the  good  fortune,  about  the  commencement  of  his  scientific 
career,  to  serve  as  .naturalist  on  board  the  "  Challenger"  during  its 
voyage  of  discovery  round  the  world.  Among  the  new  facts  and 
ideas  we  owe  to.  that  celebrated  expedition,  and  the  skill  with 
which  it  was  conducted,  those  referring  to  the  amount  and  distribu- 
tion of  oceanic  life  from  the  surface  to  a  depth  of  about  100 
fathoms,  and  the  different  chemical  processes  at  work  both  at  great 
depths  and  near  the  surface,  must  be  niEuned  as  among  the  more 
prominent 

The  great  merit  of  his  paper  consists  in  having  brought  these 
new  facts  and  ideas  to  bear  on  the  structure  and  origin  of  coral  iee&. 
He  has  shown  how  the  foundations  for  coral  reefs  have  been  pre- 
pared by  the  disintegration  of  volcanic  islands  and  by  the  building 
up  of  submarine  volcanoes  by  the  deposition  on  their  summits  of 
sediments  composed  mainly  of  dead  oiganisms.  He  has  farther  shown 
that  the  food  of  the  coral  consists  chiefly  of  the  abundant  oceanic 
life  brought  ceaselessly  to  them  by  the  surface  drift  currents  of  the 
tropical  regions;  and  that  the  extensive  solvent  action  of  aesrwater, 
which  so  completely  removes  the  carbonate  of  lime-eheUa  at  great 
depths  of  the  ocean,  holds  no  place  at  the  shallow  depths  which 
form  the  habitat  of  the  coraL 

Without  going  further  into  details,  it  may  here  suffice  to  say  that 
the  theory  of  coral  reefs  propounded  in  Mr.  Mozray's  paper  renden 
it  unnecessary  to  the  geologist  to  assume,  in  explanatioii  of  acwie  of 
the  more  difficult  problems  presented  to  him,  the  ooonmnoe  of 
great  and  repeated  general  subsidences  which  have  fonaed  one  of 
the  great  difficulties  of  geology ;  and  that  from  the  geosfalaoMpi- 
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ance  the  theory  is  receiving  from  scientific  men,  particularly  from 
those  specialists  whose  domains  in  science  it  touches  most  nearly, 
it  is  already  taking  the  place  so  long  held  hy  the  ingenious  and 
fascinating  theoiy  of  Mr.  Darwin. 

The  following  Communications  were  read : — 

1.  On  Miraige.    Part  III.    By  Professor  Tait. 

2.  On  a  Bed  Eesin  from  Dracama   Cinnabarri  (Balf.   fiL) 

Socotra.  By  J.  J.  Dobbie,  Assistant  to  the  Professor  of 
Chemistry,  University  of  Glasgow ;  and  G.  G.  Hender- 
son, B.Sc.    Communicated  by  Dr.  Bayley  Balfour. 

3.  On  Voice-Effort  and  Rhythm.     By  the  Eev.  J.  L.  Blake. 

Communicated  by  Professor  Crum  Brown. 

(Abstract.) 

In  this  paper  the  author  enunciates  and  illustrates  the  following 
propositions: — Speech  is  produced  by  distinctly  separate  jets-  of 
breath  emitted  under  pressure;  each  such  jet  he  names  a  mono- 
pressura  A  monopressure  may  be  used  for  the  utterance  of  a 
single  syllable,  which  may  consist  of  a  single  vowel,  or  a  vowel 
'  preceded  or  followed,  or  both,  by  consonants.  In  a  monopressure 
the  sound  is  weaker  at  the  beginning  and  end,  and  stronger  in 
the  middla  The  weak  beginning,  or  the  weak  ending,  of  a  mono- 
pressure,  or  both,  may  be  used  for  the  utterance  of  an  unaccented 
syllable.  There  are  thus  four  forms  of  a  monopressure: — ^mono- 
syllabic; dissyllabic,  with  the  accent  on  the  first;  dissyllabic 
with  the  accent  on  the  second ;  tnssyllabic,  with  the  accent  on  the 
second.  These  the  author  marks  thus  I,  L,  J,  and  JL.  A  large 
number  of  examples  is  given.      The   following  will  indicate  the 

use  of  the  marks, — act,    acting,    react,   reacting.      The  syllables 


(when  there  are  more  than  one)  of  a  monopressure  need 
not,  of  course,  all  belong  to  one  word ;  and  many  words 
require  more  than  one  monopressure  for  their  utterance.  Thus 
words  of  three  syllables    require  two  monopressures,  unless  the 
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accent  is  on  the  second.     If  the  accent  is  on  the  first,  they  ore  of 

L     I 

the  fonns  L  I ;  if  on  the  last,  of  the  fonns  I  J.     Examples — accident, 

I      J 

recollect     The   monosyllabic    pressure  in  these  words    marks   a 

secondary  accent  A  similar  analysis  is  given  of  the  pressures  on 
words  of  four,  five,  six,  seven,  and  eight  syllables,  with  varied 
position  of  the  primary  and  secondary  accents.  It  is  shown  that 
not  more  than  two  unaccented  syllables  can  occur  together.  A 
sentence  may  begin  with  three  apparently  unaccented  syllables— 
for  instance,  "  in  the  beginning ; "  but  these  words  must  have  two 
pressures,  one  effecting  the  utterance  of  the  words  ''  in  the "  and 
the  other  sufficing  for  the  word  "  beginning,"  the  notations  being 
L  JL.  The  amount  of  pressure  in  a  monopressure  can  be  varied. 
The  author  recognises  three  degrees  corresponding  to  the  accent,  the 
secondary  accent,  and  the  accent  by  position. 

The  same  sentence  may  be  uttered  in  a  great  variety  of  ways,  bj 
varying  the  number  and  form  of  the  monopressures.     Children 
beginning  to   speak   use   a  monopressure  for  each    syllable    A 
proper  distribution  of  the  syllables  to  the  monopressures  and  a 
proper  regulation  of  the   strength   of  the    latter,  so  as  to  fit  the 
meaning  of  each  sentence,  are  essential  elements  of  good  speaking 
and  reading.     By  means  of  examples  from  Shakespeare  and  Mflton, 
the  author  shows  how  rhythm  in  verse  depends  upon  the  arnuige- 
ment  of  the .  four  forms  of  monopressure.     He  believes  his  theory 
and  the  notation  founded  on  it   may  be  successfully  applied  to 
instrucidon  in  pronunciation  and   rhythm,  to  textual  criticism  of 
Shakespeare,  and  to  the  decision  of  questions  as  to  accentuatioD  in 
Hebrew  and  Greek,  and  that  it  may  lead  to  the  economy  of  breath 
pressure  and  voice,  and  to  an  easy  elocution  which  only  an  under 
standing  of  the  mode  in   which  voice  is   produced  can  help  to 
perfect 
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4.  The  Effect  of  Moisture  on  the  Electric  Discharge.     By  A. 
Macfarlane,  M.A.,  D.Sc,  and  D.  Rintoul,  M.A. 

{Preliminarp  Notice,) 

In  his  recent  lectures  on  Solar  Physics,*  Professor  Stokes,  while 
expounding  his  theory  of  the  connection  of  magnetic  disturbances, 
aurorse,  and  earth  currents,  says: — "We  might  not  have  tension 
enough  to  produce  such  a  discharge  (that  is,  a  flash  of  lightning), 
the  resistance  to  the  passage  of  electricity  from,  one  portion  of  t^e  air 
to  another,  which  at  any  rate  would  be  comparatively  dry  compared 
with  what  we  have  in  warm  latitudes,  would  prevent  it  by  itself 
alone.  **  Professor  Stokes  subsequently  remarked  in  a  letter  to 
Nature :f — "These  words,  without  actually  asserting,  seem  to 
imply  that  the  resistance  to  such  a  discharge  through  moist  air 
would  be  less  than  through  dry.  My  attention  has  been  called  by 
a  friend  to  the  fact  that  it  has  been  found  by  experiment  that  moist 
air  insulates  as  well  as  dry.  I  have  not  met  with  experiments  tending 
to  show  whether  the  resistance  to  a  disruptive  discharge  is  the  same 
or  not  in  the  two.  Be  that  as  it  may,  it  does  not  affect  what 
follows ;  for  we  know,  as  a  fact,  that  thunderstorms  are  absent  in 
high  latitudes." 

To  the  question  here  asked  we  have  endeavoured  to  furnish  an 
answer.  The  experimental  method  adopted  was  the  same  as  that 
described  in  our  paper  on  "  The  Effect  of  Flame  on  the  Electric 
Discharge.'' I  The  spark  was  taken  between  two  brass  discs, 
each  4  inches  in  diameter,  supported  parallel  to  one  another  inside 
a  receiver,  after  the  manner  described  in  former  papers.  §  The 
drying  of  the  air  was  effected  by  first  exhausting  the  moist  air  out 
of  the  receiver,  and  then  allowing  the  air  of  the  room  to  pass  in 
slowly  through  one  or  more  sulphuric  acid  tubes.  In  our  £a*st  trials 
one  drying  tube  was  employed,  but  in  the  later  trials  two.  Care 
was  always  taken  that  the  air  through  which  the  discharge  passed 
was  at  the  atmospheric  pressure.     To  obtain  the  humidity  of  the 

*  Nalarey  vol.  xxiv.  p.  615. 

t  Vol.  XXV.  p.  30. 

t  Proc,  Ji.S.K,  6tli  March  1882,  p.  567. 

§  Phil.  Mag,,  Dec.  1880. 
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^  air  of  the  room,  the  readings  of  a  dry  and  of  a  wet  bulb  thermometer 
were  noted. 

The  following  table  gives  the  results  of  our  dilTerent  trials.  The 
order  of  procedure  is  given  in  column  sixth.  A  number  of  readings 
were  first  taken  for  the  air  of  the  room,  then  the  receiver  was 
exhausted  to  a  pressure  of  5  mm.  or  so,  and  the  air  subsequently 
allowed  to  enter  slowly  through  the  drying  tube  or  tubes.  When 
the  state  of  the  air  was  again  changed,  it  was  done  by  allowing 
the  air  to  enter  without  passing  through  the  drying  tubes.  The 
number  entered  in  the  seventh  column  is  the  mean  of  ten  or  six 
readings 

It  will  be  seen  that  in  the  case  of  the  great  majority  of  the 
comparisons,  the  reading  for  the  undried  air  is  less  than  for  thie 
dried  air,  and  that  this  is  universally  true  in  the  case  of  the  fiist 
comparison  in  each  series.  The  diminution  of  the  difference  in  the 
case  of  the  subsequent  comparisons  of  a  series  may  be  due  to  the 
f act^  that  to  obtain  undried  air  a  second  time,  we  allowed  the  air  of 
the  room  to  enter  through  the  already  dried  passages  of  the  air- 
pump. 

The  series  observed  on  26th  May  is  the  one  in  which  the  drying 
was  most  carefully  performed ;  the  conclusions  which  it  supports  are 
those  which  might  be  deduced  from  the  other  series  taken  collect^ 
ively.  In  the  case  of  this  series,  the  individual  observations  are  as 
follow :— 

DiFFBRBNCB  OF  POTENTIAL. 


Itoadiiig. 

First  State. 
Undried. 

Second  State 
Dried. 

Third  State 
Undried. 

Ist. 

2nd. 

8rd. 

4th. 

5th. 

6th. 

240 
242 
.      241 
248 
260 
247 

258 
270 
283 
258 
257 
261 

253 
26S 
268 
255 
255 
250 

Mean, 

%ib 

265 

255 
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Kesults  of  Tbials. 


Tbennometer. 


Date. 


May  12. 
It 
f» 

May  15. 

ti 

May  18. 
»» 

• 

»» 

May  19. 
i» 

»» 

»» 
»• 

»» 

May  24. 
}> 

May  25. 


»f 
II 

II 
•I 

II 
II 

May  26. 

i> 
If 


Drj. 

Wet. 

161 

•  •  • 

12 

•  •  • 

•  •  • 

16 

•  •  • 

•  •  • 

11-8 

•  •  • 

16-8 

•  •  • 

13 

•  •  • 

18 

•  •  • 

14 

•  •  • 

18-2 

•  •  • 

14-2 

•  •  • 

177 

«  •  • 

18-9 

•  •  • 

■ » • 

•  •  • 

18-8 

•  •  • 

•  •  • 

15 

•  •  • 

•  •  • 

17-8 

•  •  • 

•  •  • 

14-6 

«  •  • 

19 

•  •  • 

•  •  • 

•  •  • 

15-8 

•  •  • 

•  •  • 

•  •  ■ 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

19 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

15-6 

•  •  • 

20-4 

•  •  • 

16-7 

PreMuro 

of 
Atnosplisre. 


755  mm. 


755 


755 


755 

•  • « 

755 


755 


•4 


•6 


•4 
•9 


6 
6 
6 

6 
6 

3 
3 

3 
3 

5 
5 

2 
2 

4 
4 

6 
6 
6 

6 
6 

1 
1 

2 

2 

3 
3 

4 

4 

4 
4 

4 


State  of  the 
Air. 


(Jndried. 

Dried. 

Undried. 

Undried. 
Dried. 

Undried. 
Dried. 

Undried. 
Dried. 

Dried. 
Undried. 

Undried. 
Dried. 

Dried. 
Undried. 

Undried. 

Dried. 

Undried. 

Undried. 
Dried. 

Undried. 
Dried. 

Dried. 
Undried. 

Undried. 
Dried. 

Dried. 
Undried. 

Undried. 

Dried. 

Undried. 


Mean  of 

Differences 

of  Potential. 


367  ( 
429  ) 
415 

400) 
434  ( 

180) 
188$ 

191) 
199  ( 

314) 
305  ( 

140) 
147} 

242) 
218  ( 

365) 
358^ 
353) 

348) 
406  ( 

89) 
94  ( 

151) 
149  ( 

210) 
210  ( 

254) 
262  ( 

245) 
265  i 
255 


Perceataffe 

Ratio  of 
Increment  to 

Reading  for 
Undried. 


17. 
3*4 


8-5 
4-4 
4-2 
3  1 
5  0 
11 


16 
5-6 
1-4 
0 

-31 


8-2 
3*9 
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Added  17th  November. 

The  following  scries  of  observations  was  made  on  the  31st  May. 
The  readings  for  the  nndried  state,  with  different  spark-lengths,  were 
first  observed,  the  air  "was  then  dried  once  for  all,  and  readings 
taken  for  the  several  spark-lengths.  This  method  of  comparison 
has  the  advantage  of  saving  time  in  drying  the  air,  but  the  disad- 
vantage of  requiring  the  distances  of  the  plates  to  be  readjusted 
An  error  in  this  respect  may  account  for  the  different  result  obtained 
in  the  comparison  at  3  mm..  Four  readings  were  taken  in  each  case. 
Wet  bulb  thermometer  16'8.     Dry  bulb  thermometer  20'2. 


Spark-length 

in 
Millimetres. 


1 
2 
3 
4 
5 
6 


State  of  the 
Air. 


Undried. 


Mt^an  of 
Differences 
of  Potential. 


67 
119 
168 
222 

280 
339 


State  of  the 
Air. 


Dried. 


Mean  o 
DifnsTtences 
of  Potential 


80 
126 
166 
238 

28(^ 
347 


Percentage 
Ratio  of  In- 
crement to 
Reading  for 
Undried. 


19-4 

6-9 

-1-2 

7*2 

1-8 
2-4 


5.  The  Heats  of  Combination  of  the  Metals  with  the 
Halogens.  By  A.  P.  Laurie  and  C.  L  Burton.  Com- 
municated by  Professor  Crum  Brown. 

Professor  Chrystal,  in  his  article  on  **  Electricity  "  in  the  Encydo- 

pcedia  Britarmicay  mentions  the  following  formula  of  Sir  William 

Thomson's,  connecting  the  heats  of  combination  in  a  voltaic  cell 

with  the  EMF  of  the  cell 

E  =  Je^. 

(Where  E  =  EMF  of  the  cell;  J  =  Joule's  equivalent;  6 ^amount 
of  zinc,  dissolved  by  unit  current  in  unit  time;  Osheat  of  com- 
bination of  one  grm.  of  the  metal  in  the  cell.) 

This  formula  has  been  tested  for  the  Daniell  and  other  cells. 

It  occurred  to  me  that  it  was  peculiarly  applicable  to  the  caprous 
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chloride  cell  and  to  the  iodine  cell  recently  described  to  the  Society, 
on  account  of  the  simplicity  of  the  reactions  in  both  these  cells, 
and  that  it  could  in  this  way  be  used  as  a  simple  method  for  the 
determination  of  the  heats  of  combination  of  the  metals  with  the 
halogens,  by  determining  their  electromotive  forces,  as  the  active 
elements  in  one  or  other  of  these  cells.  Mr.  Burton  and  I  accord- 
ingly set  to  work  to  investigate  the  matter. 

In  our  first  experiments  we  used  an  iodine  cell  and  a  cuprous 
iodide  cell,  the  cuprous  iodide  being  used  in  place  of  cuprous 
chloride. 

The  EMF  of  a  cuprous  iodide  cell  depends  on  the  heat  of  com- 
bination of  zinc  with  iodine  minus  the  heat  of  combination  of 
copper  with  iodine.  The  heat  of  combination  of  copper  with  iodine 
may  be  found  by  using  copper  as  the  positive  metal  in  the  iodine 
celL  Or  we  may  determine  the  heat  of  combination  of  zinc  with 
iodine  directly  in  the  iodine  ceU.  The  cuprous  iodide  cell,  how- 
ever, offers  some  advantages.  The  heat  of  combination  of  almost 
any  metal  with  iodine  can  thus  be  measured. 

The  same  method  is  applicable  to  chlorine  and  bromine  com- 
pounds. The  results  obtained  so  far  have  been  very  satisfactory. 
Our  numbers  nsually  differ  a  little  from  the  numbers  found  in 
calorimeter  experiments.  This  discrepancy  is  to  be  expected,  as  the 
circumstances  under  which  the  combinations  take  place  are  so 
different  in  the  two  cases,  and  as  we  have  not  yet  attempted  any 
corrections. 

The  simplicity  and  rapidity  of  the  method  are  sufficiently  obvious, 
and  it  is  particularly  applicable  to  cases  where  only  very  small 
quantities  of  a  metal  can  be  obtained,  and  where  the  metal^  when 
obtained,  is  too  rare  to  be  wasted  in  the  calorimeter. 

We  hope  to  communicate  to  the  Society  the  account  of  our  ext 
periments  at  a  future  meeting. 
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Monday,  3rd  July  1882. 

Pbofessor  DOUGLAS  MACLAGAN,  Vice-President,  in 

the  Chair. 

The  Chairinan  read  the  following  Notice  as  to  the  Government 
Grant  of  £4000  for  scientific  purposes,  which  has  heen  prepared 
hy  Mr.  John  Murray,  one  of  the  Society's  representatives  on  the 
Committee.  He  remarked  that  it  is  most  desirahle  that  this  Notice 
should  ohtain  wide  circulation  in  Scotland,  as  there  have  hitherto 
been  very  few  applications  from  this  country. 

"  The  Council  have  requested  me  to  make  a  statement  to  the 
Fellows  of  the  Society  with  respect  to  Scottish  applications  for 
grants  from  the  Government  Grant  of  £4000  for  the  promotion 
of  scientific  research. 

'*  Our  Society,  it  will  be  remembered,  has  two  representatives  on 
the  Committee  which  has  the  distribution  of  these  funda  If  those 
Fellows  who  intend  making  application  for  grants  from  the  funds 
will  submit  their  applications  to  the  Council  of  this  Society  before 
forwarding  them  to  the  Government  Grant  Committee^  the  Council 
will  be  glad  to  instruct  their  delegates  to  support  the  applici- 
tions,  should  these,  in  the  opinion  of  the  Council,  be  deemed 
suitable 

"  The  same  remark  applies  to  those  persons  living  in  Scotland,  and 
not  Fellows  of  the  Society,  but  who  choose  to  submit  their  applica- 
tions for  the  consideration  of  the  Council  previous  to  their  trans- 
mission to  the  Government  Grant  Committee; 

"  In  all  cases  it  would  be  well  that  the  delegates  of  the  Sode^ 
should  be  informed  of  the  nature  of  the  applications  previous  to  the 
meeting  of  the  Committee." 

The  following  Communications  were  read : — 

1.  On  the  Kinetic  Theory  of  Gases  in  relation  to  DissodatioiL 

By  Professor  Tait 
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2.  On  the  Change  in  the  Peltier  Effect  due  to  Variation  in 
Temperature.  By  Albert  Campbell.  Communicated  by 
Dr.  Knott 

The  series  of  experiments  here  described  had  for  their  object  the 
measurement  of  the  variation  in  the  Peltier  effect  due  to  change  of 
temperature;  they  were  made  during  the  last  six  weeks.  The 
arrangement  which  I  used  in  these  experiments  was  suggested  by 
a  form  of  apparatus  used  in  Professor  Tait's  laboratory ;  the  follow- 
ing is  a  description  of  it.  A  plate  of  sheet  lead  (say)  is  bent 
into  the  shape  of  an  arch  (A-shaped),  and  to  its  lower  edges  are 
soldered  two  plates  of  sheet-iron,  to  the  opposite  edges  of  which 
are  soldered  three  or  four  copper  wires  proceeding  to  mercury-pools, 
which  can  be  put  into  connection  with  a  battery.  In  the  trenches 
between  the  iron  and  lead  are  inserted  the  opposite  ends  of  an  iron- 
German  silver  thermopile  of  twelve  to  twenty  junctions;  these 
junctions  are  placed  so  that  their  points  may  nearly  touch  the 
jimctions  of  the  iron  and  lead  plates,  from  which  they  are  insulated 
by  a  thickness  or  two  of  thin  paper.  The  whole  is  then  wrapped 
tightly  in  cotton  wool  and  pushed  into  a  tin  box,  which  is  rolled 
round  with  flannel  and  placed  in  a  larger  tin  box  containing  boiling 
water,  an  arrangement  which  gives  a  sufficiently  uniform  tempera- 
ture in  the  inner  box.  The  thermopile  of  iron  and  German  silver 
wires  has  two  advantages ;  first,  these  two  Inetals  give,  for  a  given 
difference  of  temperature,  a  greater  deflection  than  any  other  pair 
of  easily  obtainable  metals ;  secondly,  the  deflection  is  very  nearly 
proportional  to  the  difference  of  temperatures. 

The  following  is  my  method  of  working :  I  connect  the  thermo- 
pile with  the  galvanometer,  turn  on  the  battery  current  for  thirty 
seconds  (say),  and  note  the  galvanometer  deflection  at  the  end  of 
this  time;  for  the  next  thirty  seconds  the  current  is  allowed  to 
remain  off,  and  at  the  end  of  this  period  the  deflection  is  again  noted ; 
the  current  is  then  turned  on  for  thirty  seconds  in  the  opposite 
direction,  the  deflection  taken,  the  battery  left  off  for  another  thirty 
seconds,  the  deflection  again  taken,  and  so  on  as  at  the  beginning. 
This  cycle  of  operations  is  gone  through  a  number  of  times  in  order 
to  get  an  average  result. 
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If  the  deflections  be  A,  a,  B,  6,  C,  c,  D,  d,  and  so  on,  then  tbe 
average  of  A,  a  -  B,  5  -  (7,  c  -  D,  &c,  will  be  the  measuie  of  the 
Peltier  eflfect. 

The  following  tables  give  some  of  my  results ;  the  first  column 
gives  the  direction  of  the  current  and  the  period  of  time  the  cuirent 
was  kept  on,  and  the  other  columns  give  the  corresponding  deflec- 
tions : — 


L 
Iron— Lead. 


Htn. 

«o»c. 

+  i 

-70 

offi 

0 

-i 

70 

off  i 

0 

+i 

-72 

0 

-i 

70 

+  4 

-i 

+  i 

85' C. 


-82 

-   2 

59 

0 

-79 

0 

69 

0 

-77 

-12 

58 

-12 

-72 


II. 

Iron—German 
Silver. 


20*  C. 


100 

65 

-85 

-80 

70 

44 

-47 

-20 

70 

51 

-45 

-20 

80 

45 

-49 


98' c. 


-100 

-60 

60 

40 

-90 

-55 

50 


+  70 
-45 


UI. 

Lead— Silver 
(Standard). 


2r-6C.   98*-5C. 


89 
15 

-20 

8 

38 

15 

-80 

-  8 
27 

5 

-40 

-17 

19 

-  2 
-45 
-22 

15 

-  5 
-46 


62 
81 

-36 

4 

61 

28 

-48 

-  3 
64 
27 
45 

-  8 
57 
22 
52 
12 
58 
19 

-47 


IV. 
Iron— Zinc 


»r-8C. 


WC. 


.. 


100 

26 

-75 

-20 

90 

25 

-105 

-27 

82 

17 

-104 


18 
-105 


70 

30 

-50 

-  8 
76 
36 

-43 

-  0 
72 
58 

-26 


-28      +20 
81       101 


62 
-22 


I  also  tried  Pb.  brass  with  a  one^M^ll  Buuaen  batteiy ;  wiCb  07 
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manometer  veiy  sensitive,  I  failed  to  get  any  deflection;  I  have 
se  found  that  the  brass  line  lies  veijr  near  the  lead  line,  so  that 
3  result  agrees  with  the  diagram. 

[he  following  table  (V.)  gives  the  ratios  of  the  Peltier  effect  at 
lower  temperature  to  that  at  the  higher  temperature  for  the 
ious  pairs  of  metals — 1st,  according  to  these  experiments ;  2nd, 
ording  to  Professor  Tait's  thermo-electric  diagram : — 


MetalL 

Low6r  Temp. 

Higher  Temp. 

Campbell. 

Talt 

B-Pb 

B-Aig... 

b-Ag  (Standard),, 
e-Zn 

20"  C. 
20" 
22" -6 
28" -8 

85"  C. 
98" 
98" -5 
99" 

•991 
•86    . 
•582 
1-48      . 

1-02 
•808 
•545 
l-8« 

1 

[t  should  be  remarked  that  the  battery  used  was  not  the  same 
all  the  pairs  of  metals ;  sometimes  one  Bunsen  cell,  sometimes 
»e,  were  used.     Hence  these  experiments  give  no  means  of  com- 
ring  the  Peltier  effect  for  different  pairs. 

On  the  Lowering  of  the  Maximum  Density  Point  of 
Water  by  Pressure.  By  Professor  D.  H.  Marshall,  Pro- 
fessor C.  Michie  Smith,  and  B.  T.  Omond,  Esq. 

At  the  meeting  of  17th  April  We  gave  an  account  of  some  experi- 
tnts  made  at  the  request  of  Professor  Tait  on  the  lowering  of  the 
kximum  density  point  of  water  by  pressure.  We  called  the 
bice  we  gave  of  these  experiments  at  that  time  preliminary, 
^ause  we  were  anxious  to  perform  further  experiments  to  satisfy 
rselves  thoroughly  of  the  correctness  of  the  important  conclusions 
m  arrived  at.  Wo  desire  now  to  state  that  we  have  repeated 
ise  experiments  with  some  slight  improvements  in  experimental 
bails,  and  at  different  temperatures,  and  are  glad  to  state  to  the 
ciety  that  our  further  experiments  quite .  bear  out  the  conclusions 
)viously  arrived  at  The  following  will  suffice  to  show  the  nature 
any  day*s  experiment.  [For  description  of  tlie  apparatus  used, 
.,  see  antt'f  p.  626.] 


1 
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L  The  galvanometer  is  adjusted,  and  its  delicacy,  that  is  the 
value  of  its  scale-reading  for  one  degree  centigrade  of  difference  of 
temperature  of  the  thermo-electric  junctions,  tested. 

IL  A  series  of  experiments  are  then  made,  each  of  the  following 
nature : — ^The  vessel  of  water  containing  one  thermo-eleciric  junction 
is  subjected  to  a  certain  pressure,  known  and  recorded.  While 
under  pressure,  the  junctions  are  put  in  connection  with  the  galvano- 
meter, and  the  deflection  noted;  we  thus  get  the  diffezenoe  of 
temperature  between  the  internal  and  external  junctions  The 
actual  temperature  of  the  external  junction  is  simultaneoudy  nad 
on  a  very  delicate  and  accurate  thermometer.  Then  the  piemue  is 
let  off,  and  the  heating  or  cooling  of  the  water,  as  ahown  hj  the 
junction  inside,  observed  on  the  galvanometer. 

IIL  After  a  set  of  experiments  made  at  pressures  yaiying  CrOBi 
50  to  600  atmospheres,  the  galvanometer  is  again  tested,  mnd  nj 
small  change  allowed  for  in  calculating  out  the  results  obtaimd^  - 

In  many  experiments  made  on  water  between  0*  and  4*  oent, 
with  pressures  under  1  ton  weight  per  square  inch  (150  atmoaphani)^ 
we  got  a  faint  indication  of  cooling  when  the  pressure  waa  applisdi 
but  no  appreciable  change  when  it  was  let  off.  As  the  queatioii  of 
the  change  of  the  maximum  density  point  is  only  attacked  in  an 
indirect  manner  in  these  experiments,  we  did  not  look  for  eaamt 
quantitative  resulta  Thus,  by  comparing  several  days'  experiments^ 
we  find  that  in  order  that  water  may  neither  heat  nor  ood  when 
released  from  1^  tons  per  square  inch  pressure,  it  must  have  a 
temperature  of  from  0*2  to  0*5  degreeis  centigrade.  But  we  do  not 
regard  ourselves  as  justified  in  stating  that  the  maximum  density 
point  for  water  at  this  pressure  lies  within  these  narrow  limits. 

The  diagram  below  gives  our  results  in  a  convenient  form. 
Horizontally  we  have  the  initial  temperatures  of  the  water  under 
compression  in  degrees  centigrade.  Vertically  the  numbers  repre- 
sent tenths  of  a  degree  centigrade,  and  show  the  -amount  of  cooling 
which  takes  place  on  release.  Line  I.  is  drawn  through  the  various 
points  obtained  by  letting  off  1  ton  per  square  inch  pressure  (150 
atmospheres)  at  different  initial  temperatures,  and  noting  the  effect 
produced.  Lines  IL,  IIL,  and  IV.  are  similarly  drawn  for  2,  3, 
and  4  tons  I'espectively. 

From  these  curves  it  is  evident  that  in  the  case  of  4  tons  pres- 
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saro,  if  the  temperature  of  tUe  water  experimented  ou  be  15°  ceut 
to  begin  with,  there  is  on  release  n  cooling  efToct  of  about  0°'68 ; 
while  if  the  initial  temperature  be  0°  cent,  there  ia  still  a  cooling 
effeot  of  aboat  0**16,  thus  showing  that  the  maximum  density  point 
of  water  nnder  i  tons  pressure  (600  atmospberee)  does  not  lie  be- 
tween 0°  and  1S°  cent,  but  is  driven  below  the  freezing  point 
Line  L,  however,  crosses  the  axis  at  about  1*'6.  That  ia  to  say,  we 
found  that  water  which,  when  released  from  1  ton  pressure  (150 
atmospheres),  cooled  about  0°-13  when  its  temperature  was  15°,  did 


not  change  when  its  temperatuio  lay  between  1°  and  2°,  and  at 
lower  temperatures  heated  slightly  on  release. 

Some  of  the  discrepancies  observed  by  us  on  different  days  may 
probably  be  explained  by  convection  currents  in  the  veaael  of  water, 
due  to  the  change  of  the  maximum  density  point  under  varying 
pressure,  and  by  changes  in  the  dehcacj  of  the  galvanometer.  We 
mentioned  in  our  previous  notice  how  wc  were  disturbed  by  the 
constant  change  in  the  magnetic  field  by  the  passing  of  carta,  &c, 
UD  the  street  We  found  that  even  the  motion  of  the  handle  of  the 
pomp  affected  the  galvanometer,  and  this  was  indeed  the  cause  (till 
it  was  detected)  of  our  taking  double  readings  in  many  of  our 
observationB. 

Some  experimente  we  performed  on  salt  water  of  the  density  of 
sea  water,  although  quite  in  accordance  with  the  received  opinion 
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that  salt  water  has  no  maximnm  density  pointy  led  us  to  suspect  a 
maximum  density  point  below  zero  centigiade.  Thus,  for  1  ton 
per  square  inch  pressure,  our  experiments  show  that  a  line  drawn 
as  in  the  fresh  water  diagram  above,  would  cross  the  axis  at  about 

-  5%  that  the  corresponding  2  ton  line  would  cross  at  -  8**5,  the 
3  ton  line  at  -  IT,  and  the  4  ton  line  at  - 13*".  Whereas,  the 
corresponding  points  in  the  &esh  water  diagram  are  +  F-5,  -  T'S, 

-3",  and  -4' '2  respectively.  We  found  also  that  for  equal 
initial  temperatures  the  heating  effect  produced  by  a  sudden  in- 
crease of  pressure  was  greater  in  salt  than  in  fresh  water.  As  the 
experiments  with  salt  water  were  performed  at  temperatures  nesdj 
the  same  as  those  with  the  fresh  water,  they  gave  us  greater  confi- 
dence in  the  correctness  of  the  conclusions  we  arrived  at  in  the 
case  of  the  latter. 

NoU,  added  July  21,  1882. 

A  careful  consideration  of  the  diagram  on  page  811  will  show 
that  if  the  rate  of  change  of  the  maximum  density  point  with  pne- 
sure  be  uniform,  as  is  assumed  by  Professor  Tait  in  his  note  which 
follows,  then  when  a  lino  crosses  the  axis,  that  is,  when  there  is 
neither  heating  nor  cooling  shown  on  a  sudden  release  of  a  certain 
pressure,  the  water  is  at  the  temperature  of  the  mftTiTwrnn  denstj 
point  for  half  the  pressure  that  the  line  representa     The*  foUowing 
example  will  make  this  clear : — Water  at  a  temperature  of  1**5  cent, 
when  suddenly  released  from  1  ton  on  the  square  inch  (150  atmo- 
spheres) pressure,  is  left  at  the  same  temperature  after  the  release, 
as  is  shown  by  Line  I.  in  the  above  diagram.     This  woidd  at  fint 
sight  seem  to  indicate  that  the  maximum  density  point  for  water 
under  1  ton  pressure  is  1°'5  cent     But  if  the  temperature  of  the 
maximum  density  point  is  lowered  by  pressure,  it  must  rise  aa  the 
pressure  falls  o%  and  if  the  lowering  is  proportional  to  the  preasore, 
it  will  rise  uniformly.     So,, if  in  the  example  given  above  there  is 
no  final  heating  or  cooling  of  the  water,  it  shows  that  tihere  must  be 
first  a  cooling  and  then  an  equal  heating ;  that  is  to  say,  that  the 
maximum  density  point  must  be  as  much  below  V'b  cent  at  the 
beginning  of  the  release  of  pressure,  as  it  is  above  it  at  the  trA. 
Now  we  know  that  at  the  end  it  is  2**5  above  V'li  (vitf  ^'  ciakl)^ 
therefore  it  must  be  2''*5  below  V'b  when  the  pressure  begins  tv 
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fall  off     That  is  to  say,  the  TnaxiTnum  density  point  for  water 
under  1  ton  pressure  is  - 1"*  cent. 

This  temperature  is  only  given,  of  course,  as  an  approximate  one. 
The  causes  of  error  enumerated  by  Professor  Tait  in  his  note  attached 
to  this  paper  all  affect  it,  and  if  the  lowering  of  the  maximam  den- 
sity point  is  not  directly  proportional  to  the  pressure,  it  can  only  be 
regarded  as  a  yery  rough  approximation. 


4.  Note  on  the  Preceding  Paper.    By  Professor  Tait. 

If  we  assume  the  lowering  of  the  temperature  of  maximum 
density  to  be  proportional  to  the  pressure,  which  is  the  simplest 
and  most  natural  hypothesis,  we  may  write 

where  ^  is  in  tons-weight  per  square  inch. 
Now  Thomson's  thermodynamic  result  is  of  the  form 

This  becomes,  with  our  assumption, 

As  the  left-hand  member  is  always  very  smaD,  no  sensible  error 

will  result  from  integrating  on  the  assumption  that  t  is  constant  on 

the  right  (except  when  the  quantity  in  bnickets  is  very  small,  and 

then  the  error  is  of  no  consequence).     Integrating^  therefore,  on  the 

approximate  hypothesis  that  A  and  B  may  be  treated  as  constants, 

we  have  for  the  whole  change  of  temperature  produced  by  a  finite 

pressure^, 

^t^A{t-to)p  +  iABpK 

I  have  found  that  aU  the  four  lines  in  the  diagram  given  in  the 
paper  above  can  be  represented,  with  a  fair  approach  to  accuracy, 
by  the  formula 

y  =  0-0095(^  -  4)p  -H  O'Ol  7^ , 

wheiej)  has  the  values  1,  2,  3,  4,  respectively.     Hence,  comparing 
with  the  theoretical  formula,  we  have  the  values 

A-0-0095,  B«3^-6C. 

B  expresses  the  lowering  of  the  maximum  density  point  for  each 
ton-weight  of  pressure  per  square  inch. 

VOL.  30.  4  b 
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It  seems,  however,  that  all  the  observations  give  considerably 
too  small  a  change  of  tempeiattire ;  for  the  part  due  to  the  fiist 
power  of  the  pressure  is  from  30  to  40  per  cent  less  than  that 
assigned  by  Thomson's  formula  and  his  numerical  data.  One 
obvious  cause  of  this  is  the  small  quantity  of  water  in  the  com- 
pression apparatus,  compared  with  the  large  mass  of  metal  in 
contact  with  it.  This  would  tend  to  diminish  all  the  results, 
whether  heating  or  cooling ;  and  the  more  so  the  more  deliberately 
the  experiments  were  performed.  Another  cause  is  the  heating  (by 
compression)  of  the  external  mercury  in  the  pressure  gauge.  Thus 
the  pressures  are  always  overestimated ;  the  more  so  the  more 
rapidly  the  experiments  are  conducted.  A  third  cause,  which  may 
also  have  some  effect,  is  the  time  required  by  the  thermo-electric 
junction  to  assume  the  exact  temperature  of  the  surrounding 
liquid. 

Be  this,  however,  as  it  may,  the  following  titble  shows  the  nature 
of  the  agreement  between  the  results  of  my  original  experiments 
(antey  p.  218)  and  the  data  derived  from  the  present  investigations. 
The  gauge  and  the  compression  apparatus  were  the  same  as  in  my 
experiments  of  last  year ;  the  galvanometer,  the  thermo-electric  jimc- 
tions,  and  the  observers  were  all  different.  The  column  MSO  gives 
the  whole  heating  or  cooling  effect  at  15^*5  C,  calculated  for  different 
pressures  from  the  results  of  the  investigation  by  Professor  Marshall 
and  his  coadjutors.  The  column  T  contains  the  results  of  my  direct 
experiments  at  that  temperature. 


p  (tons) 

MSO 

T 

Thomson. 

1 

0181  C. 

0  189  C. 

0-177  0. 

2 

0-294 

0-811 

0'365 

8 

0-465 

0-616 

0-588 

4 

0*666 

0-760 

0-711 

It  will  be  noticed  that  there  is,  again,  a  fair  agreement ;  thoq^ 
the  results  are,  as  a  rule,  lower  than  those  calculated  from  Thomson's 
formula.  My  .own  agree  most  nearly  with  Thomaon's  formula, 
probably  because  they  were  very  rapidly  conducted.  As  they  stand, 
they  give  about  3°  C.  for  the  effect  of  1  ton  on  the  maximum 
density  point  It  is  to  be  observed  that  if  we  could  get  the 
requisite    corrections    for    conduction,   and    for    oompnasion  of 
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mercury,  their  introduction  would  increase  (as  in  fact  is  necessary) 
the  constant  A  aboTe,  but  would  have  comparatively  little  effect  on 
the  value  of  £,  which  is  the  quantity  really  sought. 


5.  Vocalisation  and  Articulation.    By  the  Rev.  J.  L  Blake, 
Communicated  by  Dr.  Cram  Brown. 

(Abstract.) 

In  this  paper  the  author  discusses  the  mechanism  of  speech,  and 
the  character  of  the  vowels  and  consonants  which  occur  in  the 
English  language.  He  points  out  the  importance  of  attending  to 
the  proper  division  of  words  into  syllables,  and  of  clearly  articulat- 
ing consonants.  He  shows  how  his  theory  of  monopressures 
facilitates  the  correct  reading  of  poetry. 

BUSINESS. 

Mr.  Andrew  Jameson  and  Mr.  J.  A.  Wenley  were  balloted  for 
and  declared  duly  elected  Fellows  of  the  Society. 


Monday,  17th  July  1882. 
Pbofessor  BALFOUR,  Vice-President,  in  the  Chair. 

The  following  Communications  were  read : — 

1.  On  the  Order  of  Succession  of  Rocks  in  the  North-West 

Highlands.    By  Professor  Heddle. 

2.  On  the  Rotation  of  the  Plane  of  Polarization  by  Quartz, 

and  its  relation  to  Wave-Length.     By  W.   Peddie. 
Communicated  by  Professor  Tait. 

The  angular  rotation  of  the  plane  of  polarization  of  light-rays  in 
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their  paBsage  through  quartz  is  a  function  of  the  wave-length,  and 
ia  roughly  represented  by  the  formula 

A 

where  A  is  a  constant  depending  on  the  quartz.  This  fonnula  u 
only  approximate,  however,  and  one  object  of  the  experiments 
described  below  was  to  ascertain  how  doeely  the  rotation  mi^t 
be  represented  by  three  terms  of  the  equation 

ABC 

Another  object  was  to  test  the  amount  of  accuracy  attainable  by 
the  exceedingly  simple  and  direct  method  employed;  and  a  third 
was  to  find  how  nearly  the  constants  in  the  assumed  fonnula  agree 
with  one  another  in  different  specimens  of  quartz. 

A  quartz  plate  8*9  mm.  in  thickness  was  first  used  with  ordiiutiy 
NicoFs  prisms,  as  polariser  and  analyser.  The  quartz  plate  was 
fixed  immediately  in  front  of  the  analysing  prism.  A  beam  of  sun- 
light, having  passed  through  the  polariser'and  the  quartz,  piDceeded 
through  the  upper  half  of  the  analyser.  Another  beam  was  re- 
flected through  the  under  half  by  a  mirror  placed  between  the 
polariser  and  the  quartz.  Both  beams  being  then  passed  through  a 
spectroscope,  two  spectra  were  obtained  in  juxtaposition,  the  Fraun- 
hofer  lines  in  the  one  exactly  corresponding  to  those  in  the  other. 
The  upper  one  exhibited  in  addition  the  usual  dark  band  caused 
by  the  rotatory  action  of  the  quartz  upon  the  plane  pdaiised 
ray. 

The  analyser  being  now  moved  round  until  the  centre  of  the  dadc 
band  coincided  with  a  Fraunhofer  line  in  the  under  spectrum,  the 
angle  recorded  gave  the  total  rotation  for  that  ray,  minus  some 
multiple  of  ir.  That  position  of  the  analyser,  for  which  all  iay> 
were  extinguished  when  the  quartz  was  withdrawn,  was  of  coaoe 
taken  as  the  standard  position  ^m  which  all  angular  deTiatioDS 
were  reckoned  The  following  results  were  obtained  from  obaerfir 
tions  with  the  rays  D,  £,  6,  F : — 
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The  angles  lecoTded  under  tbe  heading  "  Corresponding  Rotation" 
are'explained  by  the  fact  that  the  scale-reading  100°  is  taken  as 
the  standard  of  reckoning.     Hie  multiple  of  n-  to  he  added  is  eaaUy 

obtained  from  the  appTOxioiate  formnla  .^  =  -I . 
Pi    *i 
Hence,  to  the  sixth  power  of  tho  vare-length  (rotations  being 
expressed  in  minutes,  and  vave-lengths  in  fractions  of  an  inch), 


'<°)=ll«"  =  SaT  + 


6381     (5381)*    (5381f 


4303     (4303)«     (4303)' ■ 


p(F)-17436  =  ^^  +  pg^,  +  Pg3p. 

These  equations  give 

A-6661(10)',  B=  -4233(10)%  0  =  1180(10)". 

Allying  tbe  formula 

6661(10)*    4233(10)^     11 80(10)" 
'■"      x«  y      "^       k* 

to  calculate  tbe  rotation  for  the  ray  b,  where  X  =  O-OOOSOSG?,  we  get 

p  =  16069-6  -  2463-3  -f  1656-9  - 15263 . 

The  value  obtained  by  direct  observation,  as  given  in  tbe  table 
above,  is  15246. 

With  anoUier  specimen  of  qnartz  70  mm.  in  length,  the  follow- 
ing leaultB  were  got ; — 
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K*7. 

Scale  Reading. 

MeuL 

Angle. 
Oorreip. 

T^ytal 
RoUUon 

D 
B 
6 
F 

21-,  28*,  22|',  21%  2ir,  21*,  21',  22*,  22".  22* 
128',  1284'.  128',  129',  128',  128',  128^ 
72',  TS*,  78',  72',  72' 
129',  129',  181',  129',  129',  129',  ISC,  ISC,  129',  129* 

22* 

128' 
72J' 
129* 

78* 
128- 

271' 
161' 

1618" 
1928" 
20971' 
2811* 

To  find  the  multiple  of  tt  to  be  added  to  the  measnied  rotation 
for  the  ray  D,  let  y  =  the  ratio  of  the  length  of  the  long  quartz  to 
the  length  of  the  short,  a^ »  the  rotation  for  D  in  the  short  quartz, 
o^'  a  the  rotation  for  D  in  the  long  quartz  above  the  nearest  dark 
band  in  the  less  refrangible  part  of  the  spectrum,  then. 

Similarly  for  the  ray  E,  a^^nTr  +  Oj',  where  a,'  is    equal  to 
2ir+ 128^     Combining  the  equations  for  the  different  rays, 

y%a^  ==  nw%a  +  Soa'. 

This  equation  gives  n  »  8.     Hence 

p(D)-91080-A+g+C, 

Ap        Ajj        Ap 

p(E)  =  115680  =  ^+g+g, 

Ajj        Ajj        Aj 

p(F)  =  138660  =  A +  g+C. 

Ay        Ay        Ay 

The    values    obtained    for    the    constants    are    A » 5289(1 0)^ 
B=  -4896(10)8,  C=  1509(10)12. 

Using  these  values,  /)(&)  =  120200'.  The  observed  rotation  is, 
120450'.  Eeducing  the  constants  to  their  value  per  mm.,  we  get, 
for  the  short  quartz, 

A  =  7485(10)»,  B  .=  -  4756(10)*,  C  =  1326(10)io ; 
and  for  the  long  quartz, 

A «  7557(10)8,  B=:  -6995(10)*,  C-2156(10y« 
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3.  On  the  Condition  of  Ammonium  Salts  when  dissolved  in 
Water.     By  W.  W.  J.  Nicol,  M.A.,  B.Sc.    Part  I. 

When  a  salt,  such  as  sodium  chloride,  which  crystallises  at 
ordinary  temperatures  without  water  of  crystallisation,  is  dissolved 
in  water,  contraction  takes  place ;  that  is,  the  specific  gravity  of  the 
solution  is  greater  than  that  calculated  for  a  solution  of  that  strength 
from  the  specific  gravity  of  the  salt  in  the  solid  state  and  that  of 
water,  hy  the  formula— 

=  theoretical  specific  gravity  of  the  solution. 


Where— 

p  B  the  percentage  of  salt  in  the  solution. 
d  =  the  specific  gravity  of  the  solid  salt 
P  =  the  percentage  of  water. 

Dssthe  specific  gravity  of  water  at  the  temperature  of 
ohservation. 

The  amount  of  this  contraction  varies  greatly,  heing  as  much  as 
31*2  per  cent,  in  the  case  of  potassium  sulphate,  and  only  2*5  per 
cent,  in  the  case  of  potassium  ferricyanide,  when  the  salt  dissolves 
in  a  nearly  saturated  solution,  the  volume  of  the  solid  salt  heing 
taken  as  lOO.* 

The  ahove  is  the  general  rule,  but  it  has  been  long  known  that 
ammonium  chloride,  when  dissolved  in  water,  expands  instead  of 
apparently  contracting,  consequently  the  specific  gravity  of  its 
aqueous  solution  is  always  less  than  the  theoretical.  The  amount 
of  this  expansion  varies  with  the  strength  of  the  solution.  Sorby 
{loc.  cit)  states  that  when  the  solution  contains  3  per  cent  of  the 
salt  the  expansion  is  3*4  per  cent,  while  near  the  point  of  satura- 
tion it  is  15*8  per  cent 

This  apparent  expansion  of  ammonium  chloride  has  been  observed 
by  various  experimenters,  who  all  agree  that  it  is  the  only  known 
exception  to  the  general  rule.  Table  I.  gives  the  numbers  obtained 
by  the  more  important  of  these,  the  theoretical  specific  gravity  of 

*  Sorby,  Proc.  Roy,  Soc.,  xii.  644. 
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the  solution,  calculated  from  the  number  l-53»8p.  gr.  solid  am- 
monium chloride,  being  given  in  the  ri^t-hand  column. 


Table  I. 


Observer. 

Per  cent. 

Observed  sp.  gr. 

Theof .  ip.  gr. 

HaMenfratz,*   . 
Michel  et  Krafft,t     . 
Schiffjt    .        .        . 
Gerlach,§ 

19-8 
24-7 
26-9 
26-8 

1-0698 
1-0762 
1-0767 
1-0766 

1-0718 
1-0985 
1-1028 
1*1002 

Schiff  (lac,  cit)  says,  that  the  fact  already  observed  by  Michel 
and  Kraift — that  ammonium  chloride  expands  on  dissolving  in 
water  is  confirmed  by  his  experiments,  but  is  imable  to  offer  any 
explanation  of  the  cause  of  it  While  Qerlach,  writing  in  1859, 
and  again  in  1862,||  after  a  long  series  of  most  careful  experiments, 
extending  over  numerous  salt  solutions  of  various  strengths,  and 
with  complete  knowledge  of  the  work  done  on  the  subject  by 
Kremers,  Schiff,  Karsten,  and  others,  has  no  hesitation  in  stating, 
that  in  the  act  of  solution  contraction  takes  place  in  the  case  of  all 
anhydrous  salts,  with  the  single  exception  of  ammonium  chloride. 
Finally,  Sorby  {loc.  cit)  found  that,  in  the  case  of  salts  which  pro- 
duce contraction  on  solution  in  water,  the  effect  of  pressure  is  to 
increase  the  solubility,  while  with  ammonium  chloride  the  reverse  is 
the  case ;  pressure,  as  was  to  be  expected,  diminishing  the  solubility. 

Not  only  is  the  specific  gravity  of  solutions  of  Anmioniam 
chloride  abnormal,  as  shown  above,  but  some  of  the  other  proper- 
ties of  the  solution  also  show  a  variation  from  those  to  be  expected 
from  a  consideration  of  the  properties  of  solutions  of  potassium  and 
sodium  chlorides.  For  example,  Quincke  If  has  determined  the 
cohesion  or  surface  tension  of  solutions  of  ten  chlorides,  including 
ammonium  chloride,  by  means  of  the  method  with  capillary  tabes 
and  that  with  air  bubbles.     On  comparing  the  results  of  experiment 

*  Annales  de  ChimU,  zzyiiL  298. 
t  Ann,  de  Chim,  et  Phys.  [81  xlL  471. 
X  Jnnalen  der  Chemie,  ciz.  880. 
§  Spec,  Oen,  der  SaMdatmgen.  Freiberg,  1869,  p.  11. 
II  Zeitsehnft  fUr  Analyt,  Chem,,  viii.  271. 
IF  Pogg.,  AwioUny  clz.  p.  660. 
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with  the  numbeiB  calculated,*  he  finds  that  theie  is  satisfactory 
agreement  except  in  the  case  of  2KC1,  2NH4CI,  and  iCFe^Cle). 
A  small  amount  of  free  hydrochloric  add  would  account  for  these 
variations ;  and  he  admits  its  probahle  presence  in  the  case  of  the 
ferric  chloride  solution,  and  believes  that  the  ammonium  chloride 
solution  really  contains  free  ammonia  and  hydrochloric  acid.  He 
cannot  account  for  the  irregularity  in  the  case  of  potassium  chloride, 
but  it  must  be  noted  that  it  only  makes  its  appearance  when  the 
solution  experimented  with  is  concentrated,  and,  in  any  case,  the 
irregularity  is  small  compared  with  that  found  for  ammonium 
chloride  solutions. 

The  coefficient  of  absorption  for  carbon  dioxide  is  also  abnormal 
in  the  case  of  ammonium  chloride  solution.  Mackenrief  has  de- 
termined it  for  solutions  of  various  strengths  of  the  six  chlorides, 
KCl,  NaCl,  NH4CI,  BaCLj,  SrClj,  and  CaClj.  The  result  of 
his  experiments  is,  that  whereas,  in  the  case  of  strontium  chloride, 
the  coefficient  of  absorption  lies  between  those  of  barium  and 
calcium  chlorides,  as  is  the  case  with  the  molecular  weights,  that 
of  ammonium  chloride  solution  exceeds  greatiy  those  of  potassium 
and  ■  sodium  chloride&  I  may  note,  in  passing,  a  mistake  that 
Mackenzie  has  made  in  Ms  statement  of  results.  He  says  (loc.  dl)  : 
Fii/r  verschiedene  Salzldsungen  ist  der  Binfluss  des  Salzea  venchieden^ 
und  zwar  liegt  die  absorption  beim  .Chlorkalittm^  wie  aein  Molecidar- 
ffewicht  zwiacken  der  beim  Chlomatrium  tend  Chhrammonium,  u,  a, 
to  J*  The  absorption  does  really  occupy  that  position,  but  not  the 
molecular  weight 

Further,  the  results  obtained  by  Kittler,^  in  his  experiments  on 
the  electromotive  force  of  an  element  composed  of  two  solutions  and 
one  metal  point  apparently  to  a  similar  irregularity  in  the  "behaviour 
of  a  solution  of  ammonium  chloride,  when  compared  with  that  of 
solutions  of  potassium  and  sodium  chlorides ;  for  when  the  element 

•  By  the  fonnula) — 

(1)  (o)  =  7-35  mm.   +   -1683  ij. 

(2)  a    -  8*30  mm.   +   -187011. 

(1)  Tube  method ;  (2)  air-babble  method ;  and  n  the 
number  of  equivalents  of  salt  in  100  equivalents  of 
water. 

t 'Wiedemann's  Annakn,  i.  451. 

t  Ibid.,  XV.  391,  410. 
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conosts  of  copper,  in  a  solution  of  copper  solphate  and  a  solution 
of  one  of  the  three  chlorides,  KCl,  NaCl,  NH^Cl,  the  oider  is 
NH4GI,  KCl,  NaCl ;  but  when  the  element  consiBtB  of  copper  in 
dilute  sulphuric  acid  and  a  solution  of  one  of  these  three  chloiides, 
the  position  is  r^ular.  But,  owing  to  Kittler's  adherence  to  tk 
old  plan  of  regarding  salt  solutions  from  the  percentage  point  of 
view,  and  his  comparing  in  many  cases  only  the  concentrated 
solutions,  it  is  impossible  to  state  definitely  that  the  above  is  tra& 

In  the  course  of  some  experiments  on  the  specific  gravity  of 
saline  solutions,  my  attention  was  drawn  to  the  divergence  from  tbe 
general  rule  in  the  case  of  ammonium  chloride,  and  I  made  a  series 
of  experiments  with  the  view  of  determining  the  cause  of  it  A 
portion  of  these  form  the  contents  of  this  paper. 

In  the  first  instance,  determinations  were  made  of  the  specific 
gravity  of  aqueous  solutions  of  various  strengths  of  the  six  salts 
formed  by  the  union  of  potassium  and  sodium,  with  chlorine, 
bromine  and  iodine  respectively.  The  mode  of  experiment  wss 
briefly  as  follows : — All  the  specific  gravities  were  taken  at  20^  C. 
in  a  constant  temperature  bath  (a  modification  of  Dupr^'s)  and 
referred  to  water  at  20"  as  unity.  Sprengel  tubes  were  employed ; 
these  after  filling  were  allowed  to  remain  in  the  bath  for  ten  minutes: 
after  weighing,  some  of  the  liqmd  was  poured  into  a  weighed 
platinum  dish,  and  the  percentage  of  salt  determined  by 
evaporation.  Three  solutions  of  each  salt  were  prepared,  containing 
approximately  20,  15,  and  10  per  cent.,  and  these  were  completely 
freed  from  air  by  boiling  and  allowing  to  cool  in  vacuo.  In  the 
case  of  the  solid  ammonium  salts  mentioned  later,  the  specific 
gravity  after  crystallisation  from  alcohol,  or  a  mixture  of  alcohol  and 
water,  was  taken  in  paraffin  by  means  of  a  special  form  of  bottle; 
the  error  in  experiment  affecting  the  fourth  decimal  place  only 
slightly. 

My  determinations  correspond  very  closely  with  those  of  Gerlach, 
made  at  15^  by  the  hydrostatic  method  and  corrected. 

Table  II.  contains  the  results  of  these  preliminary  experiments 
compared  with  the  specific  gravity  calculated  from  the  most  trust- 
worthy determinations  of  the  specific  gravity  of  the  solid  salt 
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Tabls  II. 


A. 

B. 

C. 

D. 

£. 

Naa 
2-011 

20-95 

14-44 

7-4 

1-15711 
1-10664 
1-05889 

1*12822 
1-08108 
1-08912 

•08389 
-02556 
•01427 

KCl 
1-977 

19-6 
14-98 
7-44 

1  18225 
109954 
1-04914 

1  -1067 
1-0797 
1-0882 

•02555 
•01984 
•01094 

NaBr 
8-014 

14-92 
11-57 

1-14714 
1-12478 
1-09567 

1- 

1-1107 

1-0888 

•01*408 
•01187 

KBr 

2-681 

22-04 

14-37 

8-96 

1-17968 
1-11817 
1  -06702 

1-1604 
1-0990 
1*0596 

•01928 
•01417 
•00742 

^al 

8-45 

27-5 

18-54 

12-75 

1-2649 
1-16626 
1  11188 

1-2427 
11517 
1  -0996 

-0222 

-01456 

•01178 

EI 

8-059 

28  09 

16-00 

7-81 

1-19977 
112929    • 
1-06127 

1-1840 
1-1207 
1  0555 

•01577 
-00859 
-00577 

As  name  of  salt  and  specific  gravity  in  the  solid  state. 
Bs  percentage  of  salt  in  solution  of  specific  gravity  in  C. 
C  ="  observed  specific  gravity  of  solution. 
D  s  theoretical  specific  gravity. 
E  =  C-D. 

The  following  points  are  to  be  noted  : — 

1.  That  in  each  case  the  observed  specific  gravity  is  greater  than 
the  calculated,  showing  that  contraction  has  taken  place ; 

2.  That  the  difierence  C  -  D  in  E  increases  as  the  percentage  of 
salt  increases ;  but, 

3.  That  the  first  portions  of  salt  added  produce  a  relatively 
greater  contraction  than  the  subsequent  portions. 

Nothing  more  can  be  learned  from  the  table  in  the  above  form. 
Experimenters  are  only  just  beginning  to  realise  the  hct  that  salt 
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solutions  which  contain  the  same  percentage  of  different  salts  are 
not  comparable.  Before  we  can  jostly  expect  to  be  able  to  throw 
light  on  the  subject  of  solution,  we  must  be  certain  that  the 
solutions  which  we  compare  together  are  really  comparable. 
Kremers,  *  in  the  course  of  his  numerous  experiments  on  solutioD, 
and  his  deductions  from  them,  compared  solutions  which  contained, 
as  he  expressed  it,  10,  20,  30  molecules  of  the  salt  (Sahaiame)  to 
the  100  unit  weights  or  unit  volumes  of  water  (Oeunchtseinheiien 
Oder  VclvmeinheUen  Wasser) :  these  numbers,  as  a  reference  to  his 
papers  will  show,  are  too  great,  but  for  all  that  his  solutions  were  to 
a  certain  extenf  comparable.  The  source  of  error  which  Eremen 
did  not  perceive,  which  indeed  so  far  as  I  know  has  not  hitherto 
been  recognised,  is  the  mutual  attraction  of  the  salt  molecules  for  one 
another.  If  we  wish  to  observe  the  results  produced  solely  by  the 
mutual  action  of  the  salt  and  the  water,  we  must  take  care  that  our 
solutions  are  sufficiently  dilute.  As  the  solution  becomes  more 
concentrated,  the  observed  specific  gravity  depends  not  only  on  tite 
attraction  of  the  salt  for  the  water,  but  also  on  that  of  the  salt 
molecules  for  one  another. 

With  a  view,  to  testing  the  correctness  of  the  above,  I  plotted  the 
results  given  in  Table  IL  cola.  C.  and  D.  The  ordinates  representing 
the  specific  gravity  and  the  absdisssB  the  percentages ;  I  thus  obtained 
for  each  salt  two  curves  approaching  straight  lines.  Both  tamed 
upwards,  but  that  expressing  the  observed  specific  gravity  tamed 
less  than  the  other.  The  curvature  in  either  case  was  so  slight  that 
it  was  impossible  to  draw  with  any  approach  to  accuracy  curves 
joining  the  various  points ;  these  were  therefore  joined  by  stnd^ 
lines ;  from  these  lines  the  specific  gravity  for  any  percentage  can 
be  found  with  moderate  exactness ;  but  the  difference  between  the 
observed  and  calculated  specific  gravities  can  be  found  with 
much  greater  accuracy,  as  the  error  affects  both  lines  to  rerj 
nearly  the  same  extent.  By  the  help  of  these  lihes,  the  aetoal 
and  theoretical  specific  gravities  were  found  for  solutions  ood- 
taining  1,  2,  4,  6,  and  even  8  molecules  of  salt  to  100  mole' 
cules  of  water.  The  differences  between  theee  are  given  in  TaUe 
IIL 

*  Pogg.,  Armalen,  yoIs.  xcii.,  zcv.,  cztL,  zcviii,fcc. 
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Table  III. 

« 

lOOM. 

H,0 

NaCl 

KCl 

KaBr 

EBr 

Kal 

EI 

1.  m. 

salt 

•0061 

•0057 

•0059 

•0058 

•0054 

•0065 

2. 

ff 

•0117 

•0110 

•0102 

•0109 

•0120 

4. 

If 

•0209 

•0191 

•  •• 

•0188 

•0200 

6. 

)» 

•0280 

•0261 

8. 

i> 

'0888 

•0288 

These  ntLmberB,  though  not  complete,  show  clearly  that  the 
amoant  of  contraction  (expressed  by  the  difference  between  the 
actual  and  theoretical  specific  gravity),  produced  by  dissolving  any 
one  of  these  six  salts,  in  the  proportion  of  one  molecule  to  100 
molecules  of  water,  is  a  number  lying  between  •OOS  and  '006.  In 
the  case  of  two  molecules  between  '01  and  *012,  and  that  the 
amount  of  contraction  produced  by  the  addition  of  each  successive 
molecule,  is  a  steadily  diminishing  quantity.  These  points  may 
help  to  explain  the  abnormal  specific  gravity  of  ammonium 
chloride  solution. 

Knowing  that  solutions  of  ammonium  salts,  e,g,,  chloride, 
nitrate,  and  sulphate,  became  acid  on  boiling,  it  struck  me  that  the 
explanation  was  to  be  found  in  a  partial  dissociation  on  solution 
in  water.  In  order  to  ascertain  whether  the  dissociation  already 
observed  at  100^  was  due  to  heat,  or  whether  it  actually  existed 
at  ordinary  temperatures,  pure  dry  air  was  drawn  for  three  days 
through  a  solution  of  ammonium  chloride  rendered  alkaline  with 
ammonia.  At  the  end  of  that  time  the  solution  was  distinctly 
acid ;  but  as  this  might  be  due  to  the  formation  of  nitrous  acid  in 
small  quantity,  an  alkaline  solution  of  ammonium  chloride  was 
placed  in  vacuo  over  sulphuric  acid,  in  less  than  twenty-four  hours 
it  was  acid. 

The  next  point  to  be  determined  was,  whether  this  abnormal 
specific  gravity  was  common  to  all  ammonium  salts,  if  so,  then 
the  explanation  by  dissociation  would  be  confirmed.  I  tried 
solutions  of  ammonium,  bromide,  nitrate,  iodide,  and  sulphate. 
The  specific  gravity  of  the  two  former  was  abnormal,  that  of  the 
two  last  normal 

Table  IV.  gives  the  results  of  experiments  with  the  solutions  of 
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various  strengths  of  the  three  salts,  chloride,  bromide,  and 
iodide.  It  shows  that  in  the  case  of  the  first  two  salts,  solation 
is  attended  by  increase  of  Yolome,  but  that  when  the  last  is  dis. 
solved  contraction  takes  place  as  mentioned  above. 

Table  IV. 


A. 

B. 

C. 

D. 

E. 

NH.a 

1-68 

20*68 

14-84 

8-64 

1-06008 
1-04408 
1*02608 

1-07515 
1*05219 
1-02872 

+  -01612 
+ -00811 
+  -00269 

NH.Br 
2-879 

21-28 
15-81 
10-81 

1  12976 
1-09048 
1-06265 

11408 
1  -0978 
1  -0669 

+ -01104 
+ -00692 
+ -00485 

NHJ 
2*464 

18-58 

10-92 

6-71 

• 

1-12631 
1-07118 
1*0894 

1*1241 
1-0694 
1-0881 

-•00221 
-  -00178 
-•00180 

The  arrangement  is  the  same  as  in  Table  II. 

The  question  naturally  arises.  Why,  if  ammonium  chloride  and 
bromide  dissociate  to  some  extent  on  solution,  does  ammoniiun 
iodide  remain  intact,  as  these  results  seem  to  show?  Theid  is 
good  reason  to  suppose  that  dissociation  really  takes  place  in  thiB 
case  also,  for  when  these  results  are  treated  in  the  same  way  is 
those  in  Table  IL,  it  is  found  that  when  one  molecule  of  ammoniiim 
iodide  is  dissolved  in  100  molecules  of  water,  the  amount  of  con- 
traction is  -00I5.  Now  from  Table  IIL  the  amount  of  contraction 
in  the  case  of  a  solution  of  that  strength  of  one  of  the  six  salts 
there  given  is  *005  —  *006.  Unless  dissociation  has  taken  place^  I 
fail  to  see  why  ammonium  iodide  should  not  give  the  same  amcont 
of  contraction. 

While  searching  in  Berthelot's  Chimie  Meehanique  for  some 
data  that  might  explain  this  smaller  amount  of  dissociation  in  the 
ase  of  ammonium  iodide,  I  found  that  the  result  of  Berthelot*s 
experiments  on  the  thermal  effect  of  diluting  solutions  of  ths 
sulphates,  chlorides,  and  nitrates  of  potassium,  sodium,  and 
ammonium  is,  that  we  may  conclude  that  these  salts  axe  not 
decomposed  by  water  at  the  ordinary  temperature,  to  an  a] 
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extent.  But  he  adds,  that  we  mast  not  lay  too  much  stress  on 
this  conclusion;  for  if  the  decomposition  of  ammonium  salts  of 
strong  acids  is  not  to  be  detected  by  the  thermometer,  it  is  in  con- 
sequence of  its  minuteness — for  it  really  exists,  and  can  be  made 
evident  by  other  proofs. 

I  hope  soon  to  be  able  to  bring  forward  other  and  more  complete 
proofs  of  dissociation  in  the  above  salts,  and  also  to  extend  my 
experiments  to  solutions  of  other  ammonium  salts. 


4  On  a  Solar  Calorimeter,  and  some  Observations  made  with 
it  in  Upper  Egypt.    By  Mr.  J.  T.  Buchanan. 

{Ahdrad,) 

The  instrument  consists  of  a  Liebig's  condenser  mounted  equatori- 
ally,  so  as  to  follow  the  sun  by  one  motion.  Projecting  from  the 
upper  part  of  it,  and  enclosing  the  steam  tube,  is  the  boiler,  which 
is  a  tube  of  half  an  inch  diameter,  where  it  receives  the  sun's  rays, 
and  widens  out  to  1  inch  diameter  in  the  steam  space.  This 
steam  space  or  dome  is  formed  by  an  inverted  test  tube,  so  that  the 
operation  can  be  easily  watched.  The  tube  is  surrounded  by  a 
concave  reflector  made  up  of  three  conical  surfaces  of  silvered 
copper.  The  diameter  of  the  outer  edge  of  the  reflector  is  13*5 
inches,  and  its  effective  surface  is  almost  exactly  1  square  foot 
The  length  of  tube  on  which  the  rays  were  concentrated  was  2 
inches,  and  as  its  diameter  was  half  an  inch,  its  surfieu^  was  3*14 
inches,  therefore  the  thermal  magnifying  power  of  the  combination 
was  46.  These  proportions  were  chosen  in  some  doubt  as  to  their 
suitability,  but  their  choice  was  justified  by  the  result.  The  amoimt 
of  water  actually  in  the  focal  portion  of  the  boiler  at  any  moment 
was  5  cubic  centimetres;  as  the  steam  passed  down  through  a 
central  tube,  and  was  condensed  by  the  water  rising  outside  of  it  to 
supply  the  place  of  what  was  evaporated  in  the  boiler,  the  supply 
or  feed  to  the  boiler  was  effected  practically  at  the  temperature  of 
ebullition.  When,  therefore,  the  instrument  had  been  working  ior 
a  few  minutes,  the  whole  of  the  effective  radiant  heat  thrown  upon 
the  boiler  was  utilised  in  transforming  water  at  212*  F.  into  steam 
of  the  same  temperature.    As  the  heat  given  out  in  the  condensatio 
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of  the  steam  was  entirely  absorbed  by  the  water  going  to  supply  the 
boiler,  and  as  this  heat  was  sufficient  to  raise  at  least  eight  times  the 
weight  of  water  from  the  atmospheric  temperature  to  that  of  ebul- 
lition, it  will  be  seen  that  we  are  justified  in  assuming  that  the  soUt 
heat  which  penetrated  the  walls  of  the  boUer  was  wholly  utilised  in 
making  steam,  and  further,  that  loss  by  radiation  was  reduced  to  a 
minimum. 

Immediately  on  presenting  the  mirror  to  the  sun  ebullition  com- 
menced, and  it  was  kept  going  all  the  forenoon  and  the  greater  part 
of  the  afternoon,  the  position  of  the  reflector  being  continually 
adjusted  by  hand.  The  distillate  was  collected  in  a  graduated  tube, 
and  the  time  taken  as  every  portion  of  5  cc.  was  collected.  The 
locality  for  experiment  was  that  chosen  by  the  eclipse  observers,— 
on  the  banks  of  the  Nile,  close  to  the  Egyptian  town  of  Sohag,  in 
latitude  26*  30'  K  The  instrument  was  very  freely  exposed  to  the 
sky,  and  was  directly  shone  on  by  the  sun  from  sunrise  till  5  px, 
when  it  was  obscured  by  a  wood.  As  originally  constructed  the  steam 
space  was  of  metal,  and  was  much  too  small,  and,  consequentiy,  the 
results  obtained  in  the  first  few  days  were  vitiated  by  priming' 
When  this  had  been  thoroughly  ascertained,  the  metal  covering  wae 
removed  and  replaced  by  an  inverted  test  tube,  fitted  tight  with  cork 
packing,  the  internal  steam  tube  was  also  prolonged,  so  as  to  he  weB 
clear  of  the  boiling  water  surface.  The  effect  of  this  alteration  was, 
by  increasing  the  volume  of  the  steam  space^  to  eliminate  altogethff 
the  danger  of  priming,  and,  by  substituting  glass  for  metal,  to  enable 
the  operation  to  be  constantly  watched.  The  results  obtained  befoie 
this  alteration  have  been  rejected ;  those  made  on  the  16ib,  17th, 
and  18th  May  1882,  were  subsequent  to  it,  and  were  quite  satiib^ 
toiy.  The  results  of  these  observations  are  condensed  in  the  follow- 
ing table,  which  gives  the  amount  of  water  distilled  in  an  bov  at 
different  times : — 
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Time. 

Grammes  Water  Distilled. 

nom 

To 

16th. 

17th. 

18th. 

9 

10 

11 

2 

3 

10 

11 

12 

3 

4 

•  •  • 

68-8 
69*5 
73-2 

•  •  1 

•  •  • 

70-26 
69-7 
65*5 
67-9 

78-1 
82*4 
82*8 
71-0 
64-8 

Taking  the  average  performance  on  the  16th  and  17th,  which 
re  comparatively  cool,  we  find  that  70  grammeS;  or  0*1542  lb.  of 
ter  was  distilled  per  hour,  and  on  the  18th,  a  comparatively  hot 
^,  the  amount  was  81  grammes,  or  0*1784  lb.  per  hour. 
Setting  aside  cloud,  the  chief  perturbing  agent  is  wind.  During 
)  three  days  we  were  fortunate  iu  having  considerable  varieties  of 
ather.    On  the  16th,  with  a  calm  afternoon,  the  mean  rate  between 

0  and  three  o'clock  was  1*221,  and  on  the  17th,  when  it  was 
)ezy,  it  was  1*087,  or  about  10  per  cent.  less.  The  breezes  which 
(ur  on  the  Nile  are  cool  from  the  north,  and  are  variable  in 
sngth.  On  the  three  days  mentioned  the  force  was  never  greater 
in  from  2  to  3,  and  what  there  was  was  always  more  or 
B  gusty.  We  have  seen  that  the  mean  rate  between  2  and 
P.M.  on  the  16th  was  1*221,  and  the  temperature  of  the  air  at 
Mf.  was  95°  F.  ;  while  on  the  18th  the  rate  was  1*204,  with  a 
nperature  of  105*"  at  2  p.m.  On  the  latter  day  there  was  a 
6h  breeze  in  the  afternoon,  while  on  the  former  it  was  calm.     If 

1  consider  that  the  lowering  of  the  rate  was  wholly  due  to  the 
ad,  it  appears  that  air  of  105°  F.  in  moderate  motion  cooled  as 
ich  as  stagnant  air  of  95"*  F.  It  is,  however,  impossible  to  be 
re  that  some  of  the  lowering  may  not  be  due  to  alteration  in  the 
Borptive  power  of  the  air. 

The  air  was  always  excessively  dry.  At  2  p.m.  the  dry  and 
)t  bulb  thermometers  registered,  on  the  16th,  95°  and  62*5° ;  on 
e  17th,  94°  and  66*2^  ;  and  on  the  18th,  105°  and  68°  F.  There- 
re  the  difference  between  the  wet  and  dry  bulbs  ranged  between 
vou  XL  4  8 
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30°  and  40°  F.  As  an  instance  of  the  diomal  range  of  temperatnre, 
it  may  be  mentioned  that  on  the  18th,  when  at  2  p.m.  the  tempeia- 
toie  was  105°  F.,  just  before  sunrise  it  was  only  59°  F.  On  thia 
day,  therefore,  we  had  an  extreme  range  of  temperature  of  46°  F., 
and  a  difference  of  40°  F.  between  the  dry  and  wet  bulbs  themselvea 
in  the  afternoon.  The  island  of  Teneriffe  lies  in  very  nearly  the 
same  latitude  as  Sohag ;  but  in  order  to  find  a  similar  climate,  it 
is  necessary  to  ascend  at  least  6000  feet,  and  pass  through  the 
mass  of  clouds  which  always  encircle  the  peak  between  the  heights 
of  3000  and  5000  feet  above  the. sea.  The  climate  on  the  Nile  in 
Upper  Egypt  is  thus  very  peculiar.  Looking  to  the  height  of  the 
barometer  and  the  day  temperature,  it  is  that  of  a  tropical  place  at 
or  near  the  level  of  the  sea ;  looking  to  the  range  of  temperature  and 
the  dryness  of  the  air,  it  is  quite  Alpine. 

On  the  morning  of  the  17th  May  the  sun  was  totally  eclipsed  at 
8.34  A.M. ;  at  8.51  the  apparatus  was  exposed  to  the  sun,  but  no 
boiling  took  place ;  at  8.58  the  water  began  to  ''sing";  at  9.1  it 
boiled;  at  9.3  it  was  boiling  briskly,  but  it  was  not  till  9.17  that 
the  first  drop  of  distillate  fell  into  the  receiver;  by  9.19^  1  cubic 
centimetre  had  passed,  and  between  9.21  and  9.29^  5  ca  passed. 

The  water  did  not  begin  to  sing  until  50  per  cent  of  the  sur&ce 
of  the  sun  had  been  uncovered,  a  fact  which  supports  the  belief  that 
there  is  a  very  great  absorption  of  heat  rays  by  the  sun's  atmosphere 
near  the  limbs.  During  totality  the  stars  shone  out  brightly,  and  a 
comet  appeared  about  a  degree  distant  from  the  sun.  The  darkness 
was  not  so  great  but  that  I  could  read  a  rather  closely  graduated 
thermometer  without  difficulty.  The  fall  of  temperature  during 
totality  was  only  V  ¥,,  and  there  was  no  wind  or  other  atmotpheiic 
dLsturbance. 


5.  On  the  Heats  of  Combination  of  the  Metals  with  the 
Halogens.    By  A.  P.  Laurie,  B.Sc,  and  C.  L  Burton. 

At  the  last  meeting  of  the  Society  a  paper  was  communicated  by 
us,  describing  a  new  method  for  determining  the  heats  of  ocxmbina- 
tion  of  the  metals  with  the  halogens.  The  following  papw  is  «& 
account  of  our  preliminary  experiments  mentioned  in  tba  finoBtf 


of  Edinburgh,  Session  1881-82.  831 

paper.  As  these  experiments  were  all  made  with  modifications  of 
the  "iodine  cell,"  or  of  the  "cuprous  iodide  cell,"  we  shall  begin  with 
a  brief  description  of  these  two  celLs. 

The  iodine  cell  consists  of  a  carbon  rod  and  a  zinc  rod  immersed 
in  a  solution  of  iodine  in  iodide  of  zinc.  The  cuprous  iodide  cell 
consists  of  a  zinc  plate  and  a  copper  plate  immersed  in  a  solution  of 
iodide  of  zinc,  the  copper  plate  being  covered  with  a  paste  of  cup- 
rous iodide,  and  then  wrapped  in  parchment  paper. 

The  E.M.F8.  of  the  cells  were  measured  on  a  Thomson  Quadrant 
Electrometer,  the  deflection  corresponding  to  1  volt,  being  found 
by  measuring  the  deflection  given  by  a  Daniell  cell.  The  Daniell 
cell  was  assumed  to  have  an  KM.F.  of  1*12  volte.  This  is 
not  a  strictly  accurate  assumption,  but  was  suflicient  for  these  pre- 
liminary experiments.  The  deflection  given  by  the  Daniell  cell  was 
* 

measured  at  the  beginning  and  end  of  each  series  of  experiments. 
The  zero  of  the  instrument  was  usually  noted  after  each  deflection. 
The  formula  used  has  been  already  mentioned.     It  is 

E  E 

^  =  -f- ,  or^  =  Yn — iT^T —  (in  C.G.S.  units)  : 
oe  4*2  X 10'  X  e  ^  ^ 

e  is  equal  to  •003411  gnn.  for  zinc. 

On  connecting  an  iodine  cell  as  above  described  with  the  electro- 
meter, zinc  as  the  active  metal  gave  a  deflection  of  sixty  divisions 
on  the  electrometer  scale.  (The  deflection  given  by  a  Daniell  cell 
was  52  divisions.) 

Copper,  as  the  positive  metal,  gave  no  deflection.  This  was  due 
to  the  coating  of  iodide  formed  on  it  by  the  iodine  solution.  It 
seems  under  these  circumstances  to  be  in  a  similar  state  to  negative 

iron. 
We  then  constructed  an  iodine  cell  in  the  following  manner : — 
In  the  centre  of  a  glass  vessel  containing  a  solution  of  an  iodide 
IB  placed   a  porous  pot,  containing  the   iodine  solution  and  the 
carbon  rod.      Closely  surrounding  the  porous  pot  is  a  cylinder 
of  perforated  zinc  with  which  the  iodine  combines  as  fast  as  it 
diffuses  through  the  porous  pot.     In  this  way  the  iodide  solution 
iu  the  outer  vessel  is  quite  free  from  iodine. 
Experiments  with  this  cell  give  as  an  average  of  five  experiments — 
Deflection  with  zinc,  63,  in  terms  of  the  electrometer  scale,    Ae 
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already  mentioned,  the  £.M.F.  of  zinc  in  the  ordinary  iodine  cell 
is  about  60. 

The  difference  3  is  due  to  an  E.M.F  set  up  between  the  iodine 
solution  and  the  iodide  of  zinc  solution. 

The  deflection  with  copper  is  33. 

Some  experiments  were  then  made  with  a  cuprous  iodide  cell 
constructed  in  the  manner  already  described.  The  following  table 
contains  the  results : — 


Name  of  Metal. 
Zinc,      .... 

E.M.F.  in 
Iodine  Coll. 

Calculated 

£.  M.  F. 
in  Cuprous 
Iodide  Cell. 

1 

Found  E.M.F. 
in  Cuprous 
Iodide  Cell 

32 

60  "6 

30 

Copper, .... 

30-6 

0 

0 

Silver,    .... 

29 

-1-6 

0 

Lead,     .... 

89 

8*5 

10 

Tin,       ...        . 

29 

•  •  • 

•  •  • 

Iron,      .... 

81 

•5 

0 

The  second  column  of  figures  is  found  on  the  assumption  that 
the  E.M.F.  of  a  metal  in  the  cuprous  iodide  cell  is  its  E.M.F.  in  the 
iodine  cell,  minus  the  KM.F.  of  copper  in  the  iodine  celL 

Three  has  been  subtracted  from  the  numbers  in  the  first  column. 
The  reason  for  doing  this  has  been  already  explained.  Taking 
6r5  as  the  £.M.F.  of  zinc,  which  is  the  mean  valuOi  its  heat  of 
combination  with  iodine  as  calculated  from  the  above  formula 
is  924. 

The  number  given  by  Naumann  for  the  heat  of  combination  of 
zinc  with  iodine  in  presence  of  water  is  929. 

Nearly  all  our  other  numbers  agree  approximately  with  those 
given  in  Naumann's  Thermochemie. 

The  numbers,  taken  from  Naumann's  table,  are  the  heats  of  com- 
bination of  one  gramme  of  the  metals  in  presence  of  water.  It  will 
be  seen  that  the  value  given  for  iron  by  Naumann  does  not  show 
any  agreement  with  our  valua  This  is  alao  the  case  with  the 
chlorine  and  bromine  compounds  of  iron. 
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Reaction. 

E.M.F.  of 
Metal. 

Heats  of  Ck>in- 
bination,  calcu- 
lated from 
£.li.F. 

Heats  of  Ck>m- 

bination,  from 

Naumann's 

Table.* 

Zn  +  Ij-Znl, 

1*824  volts. 

924  heat  units. 

929  heat  units. 

Cti,+Is-Cu,I, 

•667    „ 

235        „ 

266        „ 

Ag,+I,-Ag,I,      . 

•624    „ 

181        .. 

127        „ 

Pb  +  I,-Pblj 

•861    „ 

189        „ 

191        „ 

Fe  +  I,-Felj. 

•667    „ 

623        .. 

861        „ 

In  order  to  test  the  effect  of  temperature  on  the  E.M.F.  of  the  cell, 
le  E.M.F.  of  zinc  in  an  iodine  cell  was  measured  when  the  cell  was 
b  11**  C,  and  when  it  was  at  27'  C.  The  E.M.F.  in  both  cases  was 
le  same. 

The  deflection  given  by  silver  wire  and  silver  electrolytically 
eposited  from  pore  nitrate  of  silver  is  the  same. 

Iron  wire  with  a  blue  tarnish  on  it  gives  a  considerably  less 
eflection  than  clean  iron. 

The  KM.F.  given  by  alloys  seemed  to  us  to  be  of  considerable 
aterest  We  supposed  that  they  would  give  the  E.M.F.  of  their 
lost  positive  constituent  This,  however,  is  not  always  the  case, 
iolder  gives  a  deflection  of  40  (lead  =  40,  tin  =  32),  but  brass  gives 
be  same  deflection  as  copper,  namely,  33.  A  confirmation  of  this 
3  the  fact  that  brass  and  copper  give  no  E.M.F.  in  dilute  sulphuric 
cid. 

After  having  made  these  experiments  with  the  iodine  cell,  we 
lade  a  chlorine  cell  by  filling  the  porous  pot  with  a  freshly  pre- 
lared  solution  of  chlorine.  The  results  with  the  chlorine  cell  do 
Lot  agree  well  with  the  results  found  in  the  cuprous  chloride  cell, 
nd  the  heats  of  combination  calculated  from  the  electromotive 
orces  in  the  chlorine  cell  must  be  regarded  as  very  rough  approxi- 
oations.  Two  values  are  worth  mentioning.  The  heat  of  combina- 
ion  of  1  gramme  of  zinc  with  chlorine,  calculated  from  its  RM.F. 

*  At  the  time  this  paper  was  read  we  had  not  seen  Naumann's  Thermochemie 
published  1882).  The  above  values  have  therefore  been  inserted  since  then, 
[hey  are  much  nearer  our  own  than  the  values  given  in  the  older  books.    * 
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m  the  chlorine  cell,  is  1578  heat  unite.  The  number  given  by  Nau- 
mann  is  1736  heat  units.  Naumann's  value,  with  a  correctioD 
which  has  not  been  made  for  the  heat  of  solution  of  chlorine,  i£ 
about  1660  heat  unita  The  heat  of  formation  of  Cu^  CI,  from  the 
E.M.F.  of  copper  in  the  chlorine  cell  is  493  heat  units.  The  number 
given  by  Naumann  is  517  heat  units. 

We  have  made  a  few  experiments  with  a  bromine  cell,  but  as  we 
have  not  made  any  with  a  copper  bromide  cell,  it  is  unnecessary 
to  give  them  at  present. 

One  experiment  is  mentioned  in  this  paper,  testing  the  influence 
of  temperature  on  the  E.M.F.  of  the  iodine  cell  This  has  become  a 
matter  of  some  importance.  In  a  paper  by  Helmholtz,  to  which  ve 
referred  in  our  last  communication,  it  is  shown  that  the  difference 
of  E.M.F.  at  different  temperatures  is  possibly  the  measure  of  the 
work  done  in  the  cell  which  does  not  appear  in  the  electric  current 

In  conclusion,  the  results  derived  from  the  iodine  and  cuprouH 
iodide  cell  seem  fairly  satisfactory. 

Probably  the  best  way  to  test  the  accuracy  of  the  method  would 
be  to  run  down  an  iodine  cell  in  a  calorimeter,  and  oompaze  the 
heat  evolved  by  the  solution  of  a  given  weight  of  sine  with  the 
value  calculated  from  the  electromotive  force  of  the  cell  We  pro- 
pose to  make  some  experiments  in  this  direction. 


6.  On  the  Nature  of  Solution.    By  Mr.  W.  L.  Gtoodwin. 
Communicated  by  Professor  Cram  Brown. 


7.  Diagnoses  plantarum  novarum  et  imperfecte  descriptamm 
Phanerogamarum  Socotrensium,  quae  elaboravit  Bayley 
Balfour,  Scientise  Doctor  et  in  Universitate  Glaacneiisi 
rerum  bptanicarum  regius  professor.    Pars  Altera. 

RUBIACE^ 

58.  DiRiOHLBTiA  VBNUL08A,  Bolf,  fil :  f Hitcx  lO-pcdalis ;  foliiB 
oblongis  V.  oblongo-lanceolatis  basi  angustatis  vix  petiolatis  acatii  ?. 
obtusis  coriaceis  margine  revolutis,  subtus  venulis  «im^  pfUfpiiffiM 
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nenroque  medio  sparse  puberulo;  seta  media  stipulari  lateralibns 
triplolongiori ;  floribus  brevissime  pedicellatis  ;  fractu  glabro  disco 
prominulo  conyezo,  calycns  limbo  expanso  foliaceo  panduriformi 
mgro-vennloso  nitido. 

Socotra,  in  montibus  Haggier.  B.C.S.  No.  320.  Schweinf.  No. 
616  ex  parte. 

59.  DiRiGHLSTiA  LANOBOLATA,  Bolf.  fil,  *.  frutex  parvus  ramulis 
tomentosis  ;  foliis  lanceolatis  v.  elliptico-lanceolatis  sessilibos  t. 
subsessilibus  y£^inis  amplis  acutis  coriaceis,  supra  subnitidis  nervis 
puberulis,  subtus  pubescentibus ;  cuspide  media  stipulari  lateralibus 
triplolongiori;  floribus  breviter  pedicellatis;  fructu  pubescente 
disco  parum  convexo,  calycis  limbo  expanso  elliptico  acuto  foliaceo 
coriaceo  puberulo. 

Socotra,  in  montibus  Haggier  infrequens.     B.C.S.  No.  422. 

60.  DiBiCHLBTiA  OBOVATA,  Bolf.  fil.  \  frutex  10-pedalis ;  foliis 
obovatis  breviter  petiolatis  truncatis  emarginatis  ssepe  mucronatis 
larissime  acutis  crassiusculis  coriaceis,  supra  nitidis,  venulis  ultimis 
inconspicuiB,  margine  obscure  ciliatis ;  seta  media  stipulari  lateralibus 
duplolongioribus ;  floribus  capillariter  pedicellatis ;  fructu  glabro 
disco  piano,  calycis  limbo  expanso  membranaceo  pellucido-punctu- 
lato  venuloso  nitido. 

Socotra,  frequens.     B.C.S.  Nos.  172,  592.     Schweinf.  No.  250. 

Plaoopoda,  Balf.  fil, 

Calycis  tubus  parvus,  obconicus ;  limbi  lobi  4,  breves  acut, 
aquales,  persistentes,  dentibus  minutis  fere  obsoletis  inteijectis. 
Corolla  tubulosa,  tubo  brevi  intus  piloso;  limbi  lobi  4,  breves, 
triangulares,  valvati.  Stamina  4,  infra  faucem  coroUsB  inserta,  fila- 
mentis  brevibus,  subulatis;  anthersB  inclusse,  dorso  afiixsB,  lineari- 
oblongse,  utrinque  obtusaB.  Discus  tumidus,  crenatus,  glaber. 
Ovarium  2'-loculare  ;  stylus  filiformis,  exsertus,  ramis  2  undique 
papilloeis ;  ovula  in  loculis  pauca  2-3,  in  apice  placentas  camosas 
columnaris  a  basi  loculi  adscendente  sessilia.  Fructus  comeus, 
indehiBcens  compresso-campanulatus,  parum  bialatus,  lateribus 
trinerviis  nervis  elevatis,  2-locularis,  loculis  l-spermis.  Semina 
verticalia,  oblonga,  obtusa,  cylindracea,  testa  minute  corrugata^  albu- 
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mine  camoso;  cotyledones  angustse;  radicula  teres. — Suffirutioes 
ramosi,  ramulis  4-gonis,  pubescentes  proventu  glabrL  Folia  parra, 
petiolata,  subcrassa,  ovali-oblonga,  in  ramulis  brevissimis  verticillatis 
fasciculata.  Stipula^  minutissinne.  Flores  in  cymas  ombelktas 
simplices  terminales  dispositL 

Grenus  monotypicum  Dirichletue  valde  affine. 

61.  P.  viROATA,  BcU/.  JiL:  species  unica  in  campis  cresceiu. 
B.C.S.  No.  25.     Schweinf.  No.  476. 

62.  Hbdyotis  stbllarioidbs,  Balf,  Jil.:  erecta  annua  tenuis, 
caule  tetraquetro  scabridulo ;  foliis  remotis  subsessilibus  elliptico- 
oblongis  V.  trapeziformibus  v.  sublanceolatis  acutis  revolutis  sub- 
ciliatis;  stipulis  2-d-dentatis ;  cymis  terminalibus  spurie  abortu 
dichotomis ;  podicellis  filiformibus  rigidis  longis ;  floribus  parvis 
albis;  stylo  integro  capitato;  fructu  non-exserto  capsulari  pyrifomii 
septicide  ad  basin  bivalim  fissente  carpellis  ventraliter  debiscentibus. 

Socotra,  apud  clivos  montium  frequens.  B.C.S.  No.  313.  Schweinl 
No.  800. 

63.  Muss^NDA  OAPSULiFEBA,  Bolf.fiL  I  arbor  parva  ramis  juvenili- 
bus  tetragonis  pubescentibus ;  foliis  oblongo-eUipticis  v.  obovatis 
acutis  v.  obtusis  basi  contractis  subsessilibus  coriaceis  fere  glabris ; 
stipulis  dentatis,  floribus  in  rigidas  orectas  terminales  cymas  dis- 
positis ;  calycis  lobis  sdqualibus  f oliaceis  linearibus ;  corolla  elongata, 
limbis  obcuneatis ;  fructu  sicco  loculicide  debiscente. 

Socotra,  in  montibus  Haggier.  RC.S.  No.  550.  Schweinf, 
No.  455. 

64  Gaillonia  (Miobostbphus)  tinotobia,  Balf.  JU. :  a  coUo 
radicis  tortuose  ramosa,  ramis  nigris,  intemodiis  brevibus  paberalis ; 
foliis  classis  anguste  spathulatis,  sparse  et  brevissime  pubeniliB; 
stipulis  polymorpbis;  floribus  solitariis  axUlaribos  breyiter  pedi- 
cellatis ;  calyce  5-lobato,  lobis  2  magms,  2  minoribna,  1  mimino ; 
corolla  aztus  scabridula ;  stylo  longe  ezserto. 

Socotra,  prope  GoUonsir.     B.C.S.  Na  321. 

65.  Gaillonia  pubebula,  BcUf.  Jil :  suffmtex  ngiduB  dichoioiM 
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amosus  puberulo-tomentosus  intemodiis  elongatis ;  f oliis  inf erioribns 
emceolatis  v.  oblanceolatis  v.  obovatis  acutis  v.  obtusis  revolutis 
parse  puberulis,  snperioribus  linearibus;  stipulis  polymorphis ; 
Loribus  axillaribus  v.  terminalibus  solitariis  v.  in  cymas  taifloras 
iiapositis ;  calycis  dentibus  subseqnalibus  non-accrescentibus ;  corolla 
xtos  pubescente ;  staminibus  s^pius  inaqualibus ;  stylo  incluso ; 
ructu  dentibus  calycis  coronato  dense  hirsuto. 
Socotra,  frequens.     B.C.S.  No.  155.     Schweinfl  No.  602. 

66.  Gaillonia  (Microstbphus)  thtmoides,  Balf,  JU.i  sufi&uti- 
osa  parva  rigida  dense  dichotome  ramosa,  ramis  strictis  divaricatis 
cabrido-puberulis  ;  foliis  petiolatis  oblongo-ellipticis  v.  lanceolatis 
btusis  v.  acutis  revolutis  scabro-puberulis,  oppositis,  s£Bpe  in  basin 
amorum  confertis  ;  stipulis  heteromorphis ;  floribus  axillaribus 
olitariis  brevissime  pedicellatis ;  calyce  5-lobato,  lobis  3  niagnis 
ubulatis,  2  parvis  hirsutis ;  corolla  extus  puberula ;  stylo  exserto ; 
ructu  hirsuto. 

Socotra,  firequena     B.C.S.  No.  187.     Schweinf.  No.  254. 

VALERIANACEiE. 

67.  Valebianblla  affinis,  Balf.  JU, :  herba  pusilla  tenuis  sparse 
dpartim  ramosa ;  foliis  inferioribus  oblongo-ellipticis  v.  oblanceolatis 
btusis  obscure  dentatis,  superioribus  saepe  linearibus  remote  acute- 
ue  dentatis  v.  interdum  trifidis ;  cymis  paucifloris,  bracteis  scarioso- 
larginatis;  calyce  rotato-campanulato  herbaceo  utrinque  glabro  reticu- 
ito-venuloso  6-fido,  lobis  uncinulatis  insequalibus ;  capsuUs  calyci 
)quilongi8  puberulis  antice  obcuneatim  sulcatis,  in  loculo  fertili 
larum  maximo  lateraliter  extenso,  loculis  sterilibus  subteretibus. 

Socotra,  in  montibus  prope  Grollonsir.     RC.S.  No.  551. 

COMPOSITiE. 

68.  Vbrnonii  Cockburniana,  Balf,  ftl, :  frutex  plus  minusve 
anescens  ramis  ssepe  virgatis  sed  plurimis  lateralibus  abbreviatis ; 
oliis  obovatis  obtusis  v.  emarginatis  integris  remotis  v.  in  apices 
amorum  contractoium  fasciculatis ;  capitnlis  majusculis  10-13-floris 
olitariis  v.  2-3  in  cymas  in  apices  ramorum  lateralium  dispositis ; 
ihy]lariis  multiseriatis  obtusis  ciliatis  extus  pubescentibus,  interiori 
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bus  persistentibus;  achaaniis  6-9-008tati8  intenrallia  seflsili-glaBdaloeis 
pilisque  sufiultis ;  pappo  exteiiore  squamifoimi  brevL 
Socotra,  frequens.     B.C.S.  ^o.  261.     Schweinf.  No.  513. 

69.  PsiABiA  SoHWEiNFURTHii,  Bolf.  fit.  :  sofl&uticosa  glaaooBoens 
non  glutinosa;  foliis  lanoeolatds  petiolatis  acutis  integris  y.  supia 
obscure  dentato-serratis  glanduloso-puberulis  ciassiosculiB ;  capitolis 
parvis  copiose  paniculato-oorymbosis;  phyllariis  5-8eriati8  exterioiibus 
glanduloso-puberulis,  intemis  glabris ;  stylis  exsertis ;  achffiniis  pilifl 
adscendentibus  vestitis ;  pappi  setis  basi  connatis. 

Socotra,  prope  Kischen.     Schweinf.  No.  606. 

70.  Pluohea  glutinosa,  Bcdf,  JU, :  suffiruticosa  glutinosa  glabra: 
foliis  oblanceolatis  v.  lanceolatis  breviter  petiolatis  int^ris  v.  in 
parte  superiore  dentatis  glanduloso-punctatis ;  capitulis  multifloiis 
parvis  3-4  sessilibus  v.  subsessilibus  in  apices  ramomm  multo  y. 
pauci-ramosi  terminalis  v.  pseudo-terminalis  paniculati  corymbi; 
phyllariis  extimis  squamiformibus  apiculatis,  intimis  linearibuB 
subscariosis ;  antheris  obtosis ;  stylo  indiviso ;  achaeniis  piHs  adscen- 
dentibus vestitis ;  pappo  sqoamiformL 

Socotra,  in  montibus.     RC.S.  Na  616.     Schweinl  No.  646. 

71.  Pluohea  arokatioa.  Bat/,  JU.:  fruticoea  aromatica;  foliis 
lanceolatis  v.  elliptico-oblongis  acutis  petiolatis  integris  v.  in  parte 
superiore  obscure  dentato-serratis  ciliatis  glanduloao-scabridis ; 
capitulis  longe  pedunculatis  multiflons  terminalibus  v.  axillariboB 
solitariis  rarius  in  cymam  dispositis ;  phyllariis  eztimis  breyisaimis 
glandulosis  apice  reflexis,  intimis  angustissimiB  glabria;  anthans 
acuminatis ;  stylo  bifido,  lobis  complanatis ;  achftniis  glabria ;  p^po 
squamiformL 

Socotra,  in  montibus  Baggier  supra  Tamarida  et  Kischen.  RC.8. 
No.  465.     Schweinf.  No.  631. 

72.  Plughea  OBOVATAf  BcUf.  fil. :  fnitioosa  aromatka  sKpe  pro- 
cunibens;  foliis  obovatis  v.  obcuneatis  y.  oblanoeolatia  aeaBiUbas 
integris  v.  in  parte  superiore  dentatis  glabris  glandukMO-pimclatia ; 
capitulis  breviter  pedunculatis  multifloris  terminalibiis  t.  aadUtzibiit 
solitariis  v.  in  2-3-capitata8  cymas  dispositis ;  phyllariis  eztajoribaa 
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brerioiibiis  glanduloso-lanato-puberulis  erectis,  interioribiui  angostis- 
simis  glabris ;  antherU  obtusis ;  stylo  bifido^  lobis  teretibus  papillosis ; 
achaoniis  costis  pilis  adscendentdbus  vestitiB  ;  pappo  setiformi. 

Socotra,  in  scopulis  montium  altioram.  B.G.S.  No.  497.  Schweinl 
No.  764. 

73.  Hbliourysum  sPHiiiiROCBPHALUic,  Bolf,  fit,',  lignosuui  lanatum 
parvum  a  basi  ramosum  ramis  dififusis  compressis ;  f oliis  5-nerTii8 
obovatis,  basalibus  breviter  petiolatis,  superioribus  subsessilibus ; 
capitulis  campanulatis  30-40-floris  breyissime  pedicellatis  20-25  in 
cymas  globosas  terminales  solitarias  glomeiatis;  phyllariis  multi- 
seriatds,  interioribus  in  parte  superiore  niveo-petaloideis  patentibus 
floiibus  longioribuB  glabris ;  receptaculo  nudo ;  achseniis  scabridolis. 

Socotra,  in  montibus  altissimis  Haggier.  B.C.S.  No.  79.  Schweinf. 
No.  629. 

var.  sarmentosum,  Balffil, :  quasi  stolonifenim ;  f oliis  majoribus 
angostioribus  suboblanceolatis  v.  spathulatis;  capitidis  15-20-flori8; 
50-60  in  cymas  ^  polL  diam.  glomeratis ;  phyllariis  interioribus 
floribus  brevioribus. 

Socotara,  cum  forma  typica  sed  in  locis  nudis.     B.C.S.  No.  79  bis. 

74.  Heliohrtsum  araghnoides,  Bal/.  JU, :  annuum  parvulum 
ramosum  plus  minusve  arachnoideo-lanatum  ;  foliis  remotis  ellipticis, 
inferioribus  petiolatis,  superioribus  subsessilibus ;  capitulis  parvis 
8-12-floris  campanulatis  brevissime  pedicellatis  7-8  in  cymas  termi- 
nales (rarius  axiliares)  congestas  glomeratis;  phyllariis  biseriatis, 
interioribus  ad  apicem  niveis  post  anthesin  patentibus  ;  receptaculo 
nudo ;  achasniis  scabhusculis. 

Socotra,  in  montibus  prope  GoUonsir.     B.C.S.  No.  197. 

75.  Helighrysum  aciculare,  Bolf,  JU, :  suffruticosum  ericsphyl- 
loideum  procumbens  v.  caespitosum  glabrescens ;  capitulis  obconoideis 
40-50-floris  breviter  pedicellatis  3-5  ad  apices  pedunculorum  soli- 
tariorum  axillarium  longorum  breviter  lanatorum  dispositis ;  phyl- 
lariis glabris  omnibus  f  ulvo-stramineis  ;  receptaculo  nudo ;  achaeniis 
puberulis. 

Socotra,  in  summis  montibus  Haggier.  B.C.S.  No,  397.  Schweinf 
No.  561. 
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76.  Heliohrysum  suppruticosum,  Bo!/,  fil. :  suffrutex  ph 
minus  glanduloso-pubescens  ;  foliis  sessilibus,  inferioribas  cochlear 
foriiiibus,superioribu8  panduriformibus;  capitulis  parvis  campanuliit 
20-floris  pedicellatis  in  corymbas  terminales  dispodtis;  phyllari 
glabris  concoloribus  fulvo-stramineis ;  receptaculo  nudo ;  achaiDi 
puberuli& 

Socotra,  in  montibus  Haggier.  B.C.S.  No.  406.  Schweini  Ni 
628. 

77.  PuLiCARiA  DIVBR8IP0LIA,  BcUf,  fil.  I  horba  scabrido-hiisui 
ramis  in  capitula  solitaria  abeimtibus;  foliis  basalibus  plerumqi 
ab  fonnis  obcuneatis  ad  oblanceolatas  basique  gradatim  attenuat 
iuterdum  ellipticis  v.  oblongo-ellipticis  basique  abrupte  contracti 
infra  integris,  supra  grosse  dentato-serratis  v.  crenatis,  acutis  ^ 
obtusis,  petiolo  longo  anguste  alato  subamplexicauli,  caulinibi 
angustioribus  ;  capitulis  hemisphaBricis  multifloiis  radiatis ;  ph^ 
lariis  subaequalibus  lineari-acuminatis  glanduloso-hirsutiB ;  achaeni 
7-8-co8tati8  hirsutis ;  pappo  exteriore  coroniformi,  setis  interioribi 
10. 

.    Socotra,  in  campis  communis.    B.C.S.  Nos.  119,  600.    Schwein 
No.  453. 

78.  PuLiCARiA  STBPHANOCARPA,  Bolf.fil.  I  fruticosa  tortuose  ramo 
issimaglaucescens;  foliis  crassis  velutinis  spathulatis  v.  cochlearifoni 
ibus  plus  minusve  3-5-rotundato-lobatis  persistentibns  ;  capitul 
bomogamis  solitariis  axillaribus  breviter  pedunculatis ;  phyllari 
exterioribus  gradatim  minoribus ;  antherarum  caudis  elongatis  coi 
natis  simplicibus  ;  achseniis  angulatis  lO-costatis  corona  setarum  a 
apicem  sub  pappo  su£fultis ;  pappo  exteriore  cupuliformi  segment 
paleaceis,  interioribus  setis  complanatis. 

Nom.  vem.  DheeL 

Socotra,  in  campis  calcareis  occidentalibus  et  australibos  abmidan 
B.C.S.  No.  14.     Schweinf.  No.  262. 

79.  PuLiGARiA  YiERSOiDESy  Balf.  fil.  .*  fruticoBa  cinerea  habit 
Yicra)esQ ;  foliis  obovatis  crasse  coriaceis  glandolis  instmctis  et  and 
noideis ;  capitulis  radiatis  solitariis  pseado-terminalibus  longe  pedoi 
culatis;  phyllariis,  pauciseriatis  glandulo80-pabenili&  eztorioribi 
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Jatim  minoribus  eztimisque  ssepe  foliaceis  magnis ;  antherarum 
lis  elongatdfl   simplicibus  connatis;  achaeniis  subteretibns   10- 
itis  apice  hirsutis ;  pappo  ezteriore  cupulif  ormi  paleaceo-lacoro, 
rioribus  setis  complanatis. 
ocotra,  in  montibus  Haggier  prope  Tamarida.     B.C.S.  Nos.  402, 


}.  Seneoio  (Kleinia)  Sootti,  BcUf,  fil  :  peienna  erecta  glabra 
ulenta  multo-ramosa,  caulibos  subteretibns ;  f oliis  lemotis  parvis 
uribns;  capitnlis  subcylindricis  homogamis  6-8-floris  ad  extre- 
ktes  ramorum  solitariis  v.  2-3  in  cymas  breviter  pednnculatas 
egatis  ;  phyllariis  5-6  linearibns  enspidatis  floribus  dimidio 
ioribus;  receptaculo  nudo;  achseniis  subteretibns  lO-costatis 
ibns  rigidis  setnlis  intercostalibas ;  pappo  corolke  vix  Sdqnilongo. 
ocotra,  in  montibus  Haggier  prope  Tamarida.     B.C.S.  No.  446. 

1.  EuRTOPS  socoTRANUS,  BcUf.  fil,  \  suffirutex  3-pedalis  glaber 
xtim  ramosus  ramis  cicatricosis ;  foliis  sessilibus  aicte  trifidis, 
Qontis  linearibns  pbtusis;  pedunculis  foliis  vix  sequilongis; 
llariis  8  connatis ;  achsBniis  bispidis. 

ocotra,  in  montibus  altissimis  Haggier.  B.C.S.  No.  401. 
weinf.  No.  673.     Hunt.  No.  11. 

2.  DiooMA  OANA,  Balf.  fil, :  prostrata  cano-tomentosa  lignosa ; 
s  linearibns  obtusis  sessilibus  crassis  persistentibus ;  capitulis 
ATUB  pseudo-terminalibus  subsessilibns  paucifloris  homogamis 
oideis ;  phyllariis  pallidis  glabris,  intimis  membranaceis,  exteri- 
us  gradatim  minoribus  rigidis  subulato-pnnctatis ;  receptaculo 
olato ;  achseniis  dense  setosis ;  pappi  setis  conf ormibus  sermlato- 
>ellatis. 

ocotra,  in  montibus  prope  GoUonsir.     B.C.S.  No.  757. 

3.  Lactuca  rhynghooarpa,  Balf,  fil, :  herba  tenuis  glabra  de- 
sa  V.  a  basi  ramosa  caulibusque  suberectis  ;  foliis  glaucis  Ijrrato- 
latipartitis,  segmento  terminali  oblongo-acuto  v.  rotundato  v. 
luriformi  subaculeato-dentato,  segmentis  inferibribus  gradatim 
oribus  runcinatis,  radicalibus  breviter  petiolatis  subamplexi- 
ibus,  caulinibus  sessilibus;  capitulis  parvis  10-12-floris  |  poll* 
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longis  oppositif oliiB  in  laxos  peeudo-iacemos  dispoeitis ;  phylkriii 
intimis  ensif  ormibuB  obtusis  post  anthesin  viz  basi  inciassatia,  extimif 
parviB  ovato^aeutis ;  achaanilB  vix  compresais  4-goni8  oostia  1-2  ii 
quoque  facie  conspicuis,  infra  angustatis,  apice  in  roatmm  longan 
abrupte  productis ;  pappi  aetis  seiTulatia. 

Socotra,  in  campis.     B.C.S.  Nos.  217,  595.     Schweinf.  No.  398. 

84.  Laotuca  CRA88IFOUA,  Bolf,  fih  *.  herba  perenna  glabra  glanca 
valida  divaricatim  breviter  ramosa ;  f oliis  crassiosculis  Ijrato-pinnati- 
fidis,  segmento  terminali  oblongo-acuto  v.  obtuso  calloBo-dentato  ei 
88Bpe  intequaliter  lobato,  lobis  inferioribus  irregulariter  ad  baaio 
minoribua,  radicalibus  vix  petiolatis  amplexicanlibus,  caulinibus 
sessilibus  aoriculatis  ;  capitolis  20-flori8^^  polL  longis  opposiiifoliiB 
in  pseudo-racemos  breves  dispositis;  pbyllariis  intimis  sequalibiis 
linearibus  marginatis,  extimis  paaois  late  ovatis  minoribus ;  achmiiis 
basi  tmncatis  in  rostrum  breve  pallidum  productis ;  setis  pappi 
scabridulis  achseniis  sequilongis. 

Socotra,  in  oampis.     RC.S.  Na  595. 

85.  Prbnanthes  ahabilis,  Baif,  fit. :  herba  perennis  cano-lanogi- 
nosa  caule  erecto  in  infioreacentiam  abeonte;  f oliis  lyrato-mneinatiB, 
lobo  terminali  rotundato  v.  acute  lobato  parte  inf eriore  ssepe  angnstis- 
simo,  amplexicaulibus  axillariter  lanato-villosis  membranaceis  glabris; 
capitulis  longe  pedunculatis  &-6-floris  in  laxe  ramosas  paniculas  dis- 
positis ;  pbyllariis  intimis  5-6  linearibus  acutis,  exterioribus  brevi- 
bus;  acbseniis  tetragonis  tmncatis  basi  angustatis  pappo  sordido 
setoso  serrulato  brevioribns. 

Soootra,  in  montibus  prope  Gollonsir.     RCS.  Na  311. 

86.  IiAUNiEA  CREPOiDES,  ^a//.  ^. :  herba  rosulata  glabra  perennis; 
foliis  spathulatis  v.  oblanceolatis  basi  longe  aitenuatia  obtosis 
integris ;  capitulis  solitariis  in  apices  scaporum  longorum  bracteola- 
torum  V.  in  laxas  2~3-ramosa8  cymas  dispositis ;  pbyllariis  intimis 
8  linearibus ;  .calyculi  squamis  paucis  ovatis  herbaoeia ;  atyli  lobis 
setulis  nigriB  suffultis ;  achaeniis  linearibus  subftiaifoiinibaa  molto- 
costatis  rugosiB ;  pappo  exteriore  lanoso-intricato,  intimo  setoaa 

Socotra,  in  montibus  non  infrequent  B.G.S.  No.  307.  Schweinf. 
No.  570. 
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The  Chairman  read  the  following  Review  of  the  Session  : — 

In  announcing  the  close  of  our  Hundiedth  Session^  I  have  to  con- 
pratolate  the  Society  on  the  gratifying  fact  that,  though  it  has 
kttained  this  advanced  age,  it  shows  no  symptoms  of  decrepitude  or 
lenility. 

But  though  the  Society  as  an  institution  is  prosperous  and  never 
Lies,  a  retrospect  on  an  occasion  like  this  reminds  us  that  the 
aembers  of  which  it  is  composed  are  transitory— 

Noctes  atqae  dies  patet  atri  janns  Ditia. 

Since  the  commencement  of  the  session  fifteen  of  our  Fellows 
lave  passed  away.  Among  these  are  included  men  of  the  highest 
ank  in  science,  like  Dr.  Darwin,  Sir  Wyville  Thomson,  and  Dr. 
lomney  Robinson ;  illustrious  physicians  like  Sir  Robert  Christison 
nd  Sir  John  Rose  Cormack;  and  great  surgeons  like  Professor 
Ipence ;  eminent  literary  men  like  Dr.  John  Brown  ;  great  scholars 
ike  Dr.  John  Muir  and  Sheriff  Hallard.  The  Society,  besides,  has 
3st  a  distinguished  engineer  in  John  Scott  Russell,  and  a  distin- 
uished  artist  in  Sir  Daniel  Macnee. 

Many  of  these  were  regular  attenders  at  our  meetings.  With 
lost  of  them  I  was  on  familiar  terms.  It  was  our  privilege  to  listen 
>  the  papers  that  they  read  in  this  place.  How  painful  it  is  to  me, 
ow  painful  must  it  be  for  you,  to  miss  in  the  course  of  a  few 
lonths  their  thoughtful  but  cheerful  countenances  and  their 
leasant  presence.  But  the  services  which  men  like  these  render  to 
cience  and  to  this  Society  fortunately  cease  not  with  their  lives. 
Ij  their  labours  they  have  removed  obstacles  from  the  path  of 
there  in  all  time  coming,  and  the  inspiration  of  their  example  will 
bimulate  their  survivors  to  make  similar  efforts,  which  may  be 
rowned  with  similar  success. 

On  this  occasion  I  cannot  but  remember  what  a  long  interval  has 
lapsed  since  I  joined  the  Society  in  1835.  I  look  back  with 
leasure  on  the  forty-eight  years  during  which  I  have  attended  your 
leetings,  and  the  nineteen  years  during  which  I  acted  as  General 
lecretary  of  the  Society. 

On  looking  back  on  what  has  been  done  by  our  members  during 
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the  session,  I  find  that  there  have  been  twenty-five  papers  read  oi 
subjects  connected  with  Natural  Philosophy ;  seven  have  dealt  wit) 
Mathematical  subjects ;  nine  relate  to  Geology ;  seven  are  Chemical 
seven  in  the  department  of  Natural  History ;  four  in  the  departmen 
of  Botany ;  six  relate  to  Physiology ;  two  relate  to  Mineralogy ;  an( 
two  to  Literature  ;  while  Antiquities,  Astronomy,  and  Meteorology 
have  each  had  one  paper  devoted  to  them. 

I  think  that  those  who  have  paid  most  attention  to  the  worl 
accomplished  during  the  session  that  now  comes  to  a  close,  wil 
agree  with  me  in  holding  that  the  papers  that  have  been  read,  whilf 
fully  equal,  on  the  whole,  to  those  of  any  previous  session,  show  in 
some  departments  a  marked  and  gratifying  advance. 


Donations  to  the  Library  of  the  Boyal  Society  during 

Session  1879-80- 

L  Transactions  and  Proceedi|7qs  of  Learned  Societies, 

Academies,  &c. 

Ulaide. — Transactions  and  Proceedings  of  the  Adelaide  Philosophical 
Society.    8vo.    VoL  II.,  1878-79 ;  VoL  III.,  1879-80.— -Prom  the 
Society, 
neriean  Association, — See  United  States. 
nderdam, — ^Verhandelingen  der  Kon.    Akademie  van  Wetenschappen. 

Afd.  Natuurkunde,  Dl.  XX.,  XXI.,  1880-81.    Afd.  Letterkunde, 

DL  XIIL,  1880.    Yerslagen  en  Mededeelingen,  Natuurkunde, 

2«  Bks.,    DL    XV.,  XVI.     Letterkunde,   2«  Rks.,    DL    IX., 

1880-81.     Processen  Verbaal,  1879-80.    Jaarboek,  1880.  1881. 

Poemata  Latina,  1880-81.    Catalogus  der  Boeker  der  Akad. — 

From  the  Accukm/y. 
Flora  Batava :   Afbeelding  en  Beschmving  van  Nederlandsche 

Gtewassen.      Voortgezet  door    F.    W.  Van  Eeden.      249-258 

Afleveringen,  1881-82. — From  the  King  of  Holland, 
Catalogus    der    Bibliotheek    van    het    koninklijk    Zoologisch 

Genootschap,  Natura  Artis  Magistra.    8vo.    Amsterdam,  1881. 
inapolis, — Annual  Register  of  the  United  States  Naval  Academy. 

1880-81.     Syo.— From  the  Academy, 
^imore. — Johns    Hopkms    University. — The    American    Journal    of 

Mathematics.    Professor  Sylvester  (Editor-in-chief).    Vols.  III., 

IV.     1880-81. 
The  American  Chemical  JoumaL    Edited  by  Professor  Remsen. 

Vols.  IL,  III,  IV.     1880-82. 
The  American  Journal  of  Philology.    Edited  by  Professor  Oilder- 

sleeve.    Vols.  III.,  IV.     1881-82. 
Studies  £rom  the  Bioloncal  Laboratory  of  the  Johns  Hopkins 

University.    Vol.  II.,  Nos.  2,  3.    March  1882. 
Fourth  and  Fifth  Annual  Reports,  1879-80.     Inauguration  of 

President  Gilmore,  1876.— -From  the  University. 
\ad. — ^Verhandlungen  der  Naturforschenden  Gesellschaft.     7"  Theil, 

1«  Hft     1882.     8vo.— -Prom  the  Society. 
Uama,  The  Observatory. — Observations  made  at  the  Magnetical  and 

Meteorological  Observatory  at  Batavia.    VoL  IV.     Jan.  1876 

to  Dec.  1878,  pp.  1-320.     Dr.  Bergsma,  Director.     VoL  V., 

1881. 
Regens  Waamemingen  in  Nederlandsch    Indie,  2«  en  3«  Jaarg. 

1880-81 .     8vo. — irVom  the  Meteorological  Observatory. 
The    Batavian    Society    of   Arts    and    Sderuxs. — N^tuurkundig 

Tijdschrift  voor  Nederlandsch  Indie  uitgeven   door  de  Eon. 

Natuurkundige  Vereeniging.    Deel  XL.     1881.    8vo. 
Tijdschrift    voor  Indische    Taal-land-en    Volkenkunde.      Deel 

XXVII.,  3,  4,  5,  Afl.     1881-82.     8vo. 
Tabel  van  Oud-en  Nieuw-Indische  Alphabetten.     1882.    8va 
Verhandelingen  van  het  Bataviaasch  Genootschap  van  Eunsten 

en  Wetenschappen.    Deel  XLL,  3^®  Afl.    Deel  aLIII.    8vo. 
Notulen,  Deel  XlX.,  3,  4.     1881-82.     ReaHa,  1632-1805,  Erste 

Deel,   1882,  4to. — From  the   Batavian  Society    of  Arts   and 

Sciences. 
\lfast. — Proceedings  of  the  Natural  History  and  Philosophical  Society 

for  1880-81.    8vo.— l^om  the  Society. 
VOL.  XL  4  T 
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Berlin, — Abhandlungen  der  Koniglichen  Akademie  der  WissenschafteiL 

J  879,  1880,  1881.     4ta 
Monatsberichte  der  Kon.   Akademie  der  Wissenschaften.    Jan. 

1880  to  Dec.  1881.     Sitzungsberichte,  Nos.  I.  to  XXXVIIL 

1882.     8vo. — From  the  Academy. 
Fortschritte  der  Phyeik  im   Jahre  1876.      Dargestellt  von  der 

physikalischen  Qesellschaft  zu  Berlin.     1**  ADtheil. — Physik, 

Akustik,  Optik.     2^  Abtheil. — Warmelehre,  Elektricitatslehre, 

Physik  der  Erde.     8vo.     Berlin,  1880-81.— -From  the  Society, 
Bern, — 20®  Lief.  Der  mechanische  Contact  von  Gneiss  und  Ealk  in 

Bemer  Oberland,  1880.    4to. 
Beitrsu;e  zur  geologischen  Karte  der  Schweiz,  XIV*  LieL     3^ 

Abt£.    Die  Kantone  Apperzell,  St.  Qallen,  Qlarus,  und  Schwyz. 

1881.    -ito. — From  the  thrnmission  F^d^rale  G^ologique, 
Mittheilungen  der  Naturforschenden  Qesellschaft  in  Bern,  1880, 

1881.     Nos.  979-1029.     8vo.— Fram  the  Society. 
Birmingham. — Proceedings  of  the  Birmingham   Philosophical  Society, 

Vol.  II.,  Pt  2.     1881.     8vo.— From  the  Society. 
Bologna, — Memorie    dell'    Accademia    delle    Scienze    dell'    Istitnto  di 

Bologna.    Serie  III.    Tomo  IX.,  Fasc.  3,  4,  1878.    Tomo  X. 

1879.  Indici  Qenerali  della  terza  Serie.    Serie  IV.,  Tom.  I.,  11. 

1880.  4to. 

Rendiconti,  Anni  Accademici,  1878-79.     1882. 
Accademia     delle     Scienze     (Aper9U     Historique) — From    tke 
Academy, 
Bombay, — Ajchseological  Survey  of  Western  India.     Nos.  2,  3,  4,  6,  7,  & 
1875-1879.    4to.— jPVom  the  Society. 
Journal  of  the  Bombay  Branch  of  the  Royal  Magnetical  Society, 

1879-81.— From  the  Society. 
Magnetical  and  Meteorological  Observations  made  at  the  Govein- 
ment  Observatory,  1871  to   1878.      4to. — From  the  Obterva- 
toru, 
Bonn, — Verhandlungen  des  Naturhistorischen  Vereines  der  Preussischen 
Rheinlande  und  Westfalens.     36'*  Jahig.      2*«  Halfte  1879. 
37«'  Jahrg.  1880.    38«-  Jahig.     1*«  Halfte  1881.     Und  Sup- 
plement :  Die  Kafer  Westfalens  von  Fr.  Westhoff.     1881.    8vo. 
Bordeaux. — M^moires  de  la  Soci^t^  des  Sciences  Physiques  et  NatureUes. 
2«S^rie.    Tome  IV.     1880-81.    Ato,^Fr(m,  the  Society. 
Bulletins  de  la  Soci^t^  de  G^ographie  C!ommerciale.     1881-8i 
8vo. — From  the  Society. 
Boston, — Proceedings  of  the  Boston  Society  of  Natural  History.     Vol 
XIX.,  Pts.  III.  and  IV.,  1878.    VoL  XX.,  Pt.  I.,  1879 ;  Pt  IV., 
1880.    VoL  XXL,  Pt  I.,  1881. 
Anniversary  Memoirs  of  the  Boston  Society  of  Natural  Histoiy. 

1880.     4to.— JP'rom  the  Society. 
Proceedings  of  the  American  Academy  of  Arts  and  Sciences. 
Vol.  XV.,  Pt  II.,  1880.    VoL  XVI.,  Pts.  L,  II.,  1881.— Jrwii 
the  Academy. 
Brera. — See  Milan. 
British  Association  for  the  Advancem^ent  of  Science. — RepoitB  of  the  Fiftieth 

and  Fifty-first  Meetings  (Swansea  and  York).     1880.  1881. 
BrurmtTic^— Jahresbericht  des  Vereins  fur  Naturwiasenficlian^  1879-80. 

1880-81.    8vo.— From  the  Society. 
Brussels, — Annales  de  I'Observatoire  Royal,  Nouv.  S^r.  Annales  Afltrono- 
miques.    Tome  III.     1880.     4to. — Annales  M^ttoologiqueB. 
Tome  I.     1881.    4to.— .FVom  the  Ohservatorf. 
Annual  re  de  TObservatoire  RoyaL     Ann^eB^  1880, 188L    8Ta 
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Brussels, — Annales  de  la  Soci^t^  Sdentifique  de  Bruxelles,  6"^  Ann^ 
1880-^1.     Syo.— From  the  Soeiehi. 

Bulletin  de  FAcademie  Royale  des  Sciences,  des  Lettres,  et 
des  Beaux- Arts  de  Belgique.  Tomes  XLIX.,  L.,  LI.  1880-88. 
8m 

M^moires  de  1' Academic  Royale  des  Sciences,  des  Lettres,  et  des 
Beaux-Arts  de  Belgique.    Tome  XLIII.    4ta 

M^moires  Couronn^  et  Autres  M^moires  public  par  TAcad^mie 
Royale  des  Sciences,  &c.,  de  Belgique.  Tomes  XXIX.,  XXX., 
XXXIL     1880-81.     8vo. 

M^moires  Couronnes  et  M^oires  des  Savants  Strangers  public 
par  TAcad^mie  Royale  des  Sciences,  &c.,  de  Bdgique.  Tomes 
5CXXIX,-XLIL     1876-80. 

Biographie  Nationale.  Tomes  VI.,  Pt.  2,  1878.  VII.,  Pt  1. 
1880. 

Annuaire  de  T Academic  Royale.    1882.    8yo. — From  the  Academy. 

Buenos-Ayres. — Description  physique  de  la  R^publique  Argentine,  par  le 

Dr.  H.  Burmeister.     Tome  III"*«.     Animaux  Ver^br^s  1"  ptie. 

Mammifbres  Vivants  et  Eteints.    1879.    8yo.    Avec  Atlas  ;  fol. 

2^«  Liyrais. 

Tom.  V.  L^pidopt^res.   I'e  ptie.     1880. 

Museo  Publico.  Vues  Pittoresques  de  la  R^pubHque  Argentine. 
1881.    Fol. 

Anales  de  la  Oficina  Meteorologica  Argentina.    Tom.  II.    CHmas 
de  Bahia  Blanca  y  Corrientes.      1881.     4to. — From  the  Oovem- 
m£nt. 
CalcuttcL — Proceedings  of  the  Asiatic  Society  of  Bengal,  for  1880-81.  8vo. 

Journal  of  the  Asiatic  Society  for  1880-81.    8vo. — From  the  Society. 

See  Indian  Government. 
CcUifomia. — Proceedings  of  the  California  Academy  of  Sciences.      6th 

June  1881. — From  the  Academy. 
Cambridge  ( U.S.). — Harvwrd  College. — Annual  Reports  of  the  Curator  of 
the  Museum  of  Comparative  Zoology  at  Harvard  College,  1879- 
80,  and  1880-81. 

Bulletin  of  the  Museum  of  Comparative  Zoology  at  Harvard 
College.  Vol.  VI.,  No.  8,  Letter.  No.  4.  On  the  Dredging 
Operations  of  the  U.S.  Coast  Survey  Sr.  "Blake,"  during  «Jime 
and  July  1880.  By  Professor  Alexander  Agassiz.  No.  9.  De- 
scription of  Gravitating  Trap.  By  C.  D.  Sigsbee,  U.S.N.  No. 
10.  On  some  points  in  the  Structure  of  the  Embryonic  Zoea. 
By  Walter  Faxon.  1880.  No.  11.  New  Species  of  Selachians 
in  the  Museum  Collection.  By  Samuel  Garman.  1880.  No. 
12.  Maturation,  Fecundation,  and  Segmentation  of  lAmax  Cam- 
pestris.  By  E.  L.  Mark.  1881.— Vol.  VII.  Geology  of  the 
Iron  and  Copper  Districts  of  Lake  Superior.  By  M.  E. 
Wadsworth.  1880.— Vol.  VIII.,  No.  1.  Etudes  pr^limi- 
naires  sur  les  Crustaces.  Par  M.  Alph.  Milne-Edwards. 
1880.  No.  2.  Preliminary  Report  on  the  Echini.  By  Alexander 
Agassiz.  1880.  No.  3.  New  and  Little  Known  Reptiles  and 
Fishes  in  the  Museum  Collections.  By  Samuel  Garman.  1881. 
No.  4.  List  of  Dredging  Stations.  No.  5.  Report  on  the  Ceph- 
alopods.  By  A.  K  Vernll.  1880.  No.  6.  Stomach  and  Genital 
Organs  of  Astrophytidae.  By  Theodore  Lyman.  1881.  No.  7. 
Report  on  the  Acalepliae.  fey  J.  W  alter  Fewkes.  1880.  No. 
8.  Studies  of  the  Jelly-tishes  of  Narragansett  Bay.  By  J.  Walter 
Fewkes.  No.  9.  List  of  Mammals  collected  by  Dr.  Edward 
Palmer  in  North-Eastem  Mexico,  with  Field  Notes.    By  J.  A. 
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Allen.  1880.  No.  10.  The  Trilobite  :  New  and  Old  Evidence 
relating  to  its  Organisation.  By  C.  D.  Walcott.  8vo.  No.  11 
Report  on  the  Selachians.  By  Samuel  Garman.  No.  12.  Repon 
on  the  Pycnogonida.  By  Ecunond  B.  Wilson.  1880.  Na  13 
On  some  Crustacean  Deformities.  By  Walter  Faxon.  1879 
No.  14.  The  Devonian  Insects  of  New  Brunswick.  By  Dr 
H.  A.  Hagen.  1880. — Vol.  IX.,  No.  1.  Description  des  E^Kjce 
nouvelles  d'Ast^ries.  Par  Prof.  E.  Perrier.  No.  2.  Prelinunar 
Report  on  the  Mollusca.  By  W.  H.  DalL  No.  3.  ProC  Alei 
Agassiz  on  Explorations  at  Tortugas.  Na  4.  Preliminar] 
Report  on  the  Comatulae.  By  P.  H.  Carpenter.  Na  5.  Th( 
Species  of  the  Oenus  PartvicL  By  Dr.  Haitman.  No.  6 
Bibliography.  1.  Crustacea.  By  W.  Faxon.  1882.  No.  7 
Surface  Fauna  of  the  GuK-StreauL  By  A.  Agassiz.  No.  8.  Th 
Acalephae  of  East  Coast  of  New  England.  By  J.  W.  Fewk« 
1882.— Vol.  X.,  No.  1.— Results  of  Dredging  on  the  East  Coaa 
of  the  United  States. — Report  on  the  Cinastacea.  By  S.  J 
Smith.  1882.  8va 
Cambridge  ( Cr.5.)— Memoirs  of  the  Museum  of  Comparative  Zoology  a 
Harvard  College.  VoL  VI.,  No.  1.  The  Auriferous  Gravels  o 
the  Sierra  Nevada  of  California.  By  J.  D.  Whitney.  1881 
4to.— Vol.  VII.,  Na  2,  Pt  1.  The  Climatic  Changes  of  later  Geo 
logical  Times  :  a  Discussion  based  on  Observations  made  in  th 
Cordilleras  of  North  America.    By  J.  D.  Whitney.     Pts.  1,  2 

1880,  1882.  4to.— Vol.  VIII.,  Na  1.  The  Immature  State  o 
the  Odonata.  Pt  2.  Sub-family  ^schnina.  By  Louis  Cabot 
Camb.,  1881.    4to. — From  the  Muuvm, 

Catalogue  of  618  Stars  observed  at  the  Astronomical  Observatory 

of  Harvard  College  during  the  years  1871-2,  1874,  and  1876 

By  Profl  W.  A.  Rogers. 
Annals  of  the  Astronomical  Observatory  at  Harvard  Collejge 

VoL  XII.  Observations  made  with  the  Meridian  Circle  dtuiDj 

1874-5.    By  Professor  W.  A.  Rogers.    1880.    4to.— VoL  XIIL 

Pt  1.  Micrometric  Measurements.     1882.    4to. 
Thirty -fifth  and  Thirtv-sixth  Annual  Reports  of  the  Director  ol 

the  Astronomical  Observatory  of  Harvard  College.    By  £.  C 

Pickering.     1881.    8vo. — From  the  Ohiervatary, 
Cbna(2a.— Geological  Survey  of  Canada.    Report  of  Progress,  1878-78, 

and  1879-80 ;  witii  voL  of  Maps.     8vo. — From  ^  QoimwnffiA 

of  tiie  Dominion, 
Cape  of  Good  ^qpe.— Catalogue  of  12,441  Stars  for  the  Epoch  1880,  from 

Observations  made  during  1871-79.    By  £.  J.Stone,F.R&  4ta 
The  Cape  Catalogue  of  Stars  deduced  from  Observations  made  at 

the  Royal  Observatory,  1834-40.    By  R  J.  Stone,  F.Ra   187& 

8vo. 
A  Determination  of  the  Solar  Parallax,  from  ObeervationB  of  Man 

made  at  the  Island  of  Ascension  in  1877.    By  David  Gill,  LL  D. 

1881.  4to. — From  Cape  Toum  OhtenxUory, 

Catania. — Atti  dell'  Accademia  Gioenia  di  Scienze  Naturali  Ser.  2F. 

Tom.  XL,  XII.,  XIIL,  XIV.,  XV.,  XVI.     1877-82.    4ta 
CeyUm  OovtmmerU. — The  Lepidoptera  of  Ceylon.     FMs  1-*.    By  ?• 

Moore,  F.Z.S.     1880-82.    4to.— jFVom  the  QiiverwmmL 
Cherbourg. — M^moires  de  la  Soci^t^  Nationale  des  Sciences  Nitarelles  et 

Math^matiques.    Tomes  XXIL,  XXIIL     1879-81.    8va 
CTMeo^o.— Annual  Reports  of  the  Board  of  Directan  of  the  Ghie^o 

Astronomical    Society    and    of    the    Dearborn    Obsemtoiy- 

\dSK^-m.    ^^^.^From  the  Obmvaiory. 
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%rittian%a, — Den  Nonke  Nordhavs-Expedition.     1876-78. 

Chemi.    1.  Om  Loften  i  Sovandet.    2.  Om  KolByren  i  Sovandet. 

3.  Om  Saltholdigheden  af^Vandet  i  det  Norske  Nordhay.    Af 

H.  Tomoe.     1880.     Fol. 
Zoologi.    Fiflke,  ved  Robert  Collett     1880.    FoL 
Gephyrea  ved  D.  C.  Danielssen  og  Johan  Koren.    1881.    FoL 
Holothurioidea,  ved  D.  C.  Danielssen  og  Johan  Koren.  1882.  Fol. 
Annelida,  yed  G.  Armauer  Hansen.     1882.    Fol. 
Astronomiske  Observationer,  af  H.  Mohn. 
Magnetiske  Observationer,  af  C.  Wille. 
Geografi  og  Naturhistorie,  af  H.  Mom. 
Historisk  Beretning:  Apparateme,  af  C.  Wille. 
Archiy  for  Mathematik  og  Naturvidenskab.    Udgiyet  af  Sopkos 

Lie,  Worm  Miiller,  og  G.  0.  Sars,  3«  Bind,  Tilla^hefte.  4«  Bind 

6«  Bind.     1878-80.     8vo. 
Forhandlinger  i  Videnskabs-Selskabet.     1878-80.    8vo. 
Carcinologische  Bidrag  til  Norges  Fauna,  af  G.  O.  Sars.  I.  Mono- 

grapbi  over  Norges  Mysider.    3«  Hft     1879.    4to. 
Publication    der  Norwegiscben  Commission    der    Europaiscben 

Gradmessung.     Geodatiscbe  Arbeiten  Hft.  1-3.     1880-82.    4to. 
Vandstands  Observationer :  Udgivet  af  den  Norske  Gradmaalincs- 

kommission.     Hft.  1.      1872-79.    4to. — From  the  NorwegvM 

Government 
Incinnati. — The  Journal  of  the  Cincinnati  Society  of  Natural  History. 

Vols.  III.,  IV.,  v.,  1880-82.— jPVom  the  Society, 
mnecticut, — Transactions  of  the  Connecticut  Academy  of  Arts  and 

Sciences.    Vol.  IV.,  Pt  II.    Vol.  V.    1882.    8vo. 
ipenAo^en. — Mdmoires  de  I' Academic  Royale  de  Copenhague.    6"«  S^rie. 

Classe  des  Sciences.   VoL  XII.,  No.  6.  Spolia  At£uitica  :  Bidrag 

til  Kundskab  om  Formforandringer  hos  Fiske  imder  deres 

Vaext  og  Udvikling,  saerligt  hos  nogle  af  Atlanterhavets  Hojsd- 

tiske.    Af  Dr.  Chr.  Liitken.    1880.    4to.— 6"«»  Sdrie.  VoL  I.,  No. 

1.  Undersogelser  over  Lysets  Brydning  i  Dampe  og  tilsvarende 

Vaedsker.     Af  K.  Prytz.     1880.    4to.     No.  2.   Studier  over 

Decapodemes  Slaegtskabsforhold.     Af  J.  R  V.  Boas.      1880. 

4to.     No.  3.   Sepiadarium  og  Idiosepius,  to  nye  Slaegter  af 

Sepiemes  Fandlie.      Af  Japetus  Steenstrup.     1881.    No.  4. 

Stormen  over  Nord-og  Mellem-Europa  af  12*«-14^  November, 

1872.    Af  Prof.  A.  Colding.     1881.— VoL  IL,  No.  1.  Familien 

Podostomaceae.    Af  Dr.  E.  Warming.    1881.    No.  2.  Om  Metal- 

lemes  Ledningsevne  for  Varme  og  Electricitet     1881.    No.  6. 

Om  en  Fossil  Zebra-Form  fra  Brasiliens  Campos  med  to  Arter 

af  Slaegten  Hippidion,  af  Dr.  Boas. 
Oversigt  over  det  Kongelige  Danske  Videnskabemes  Selskabs 

Forhandlinger  i  Aaret  1880,  Nos.  2,  3 ;   1881,  1882,  No.  1.— 

From  the  Academy, 
rdoba  {Republica  Argentina). — Boletin  de  la  Academia  Nacional  de 

Ciencias  de  la  Republica  Argentina.    Tomo  III.    Entrega,  1, 

2, 3.     1879.     8vo. 
Resultados  de  la  Oficina  Meteorologica  Argentina.    Tomo   II. 

Climas  de  Bahia  Blanca  y  Corrientes.    4to.     1881. 
Resultados  del  Observatono  Nacional  Argentino.    Vol.  II.    Ob- 

servaciones  del  Ano  1872.    4to. — From  the  Argentine  Government, 
rrnoall. — Transactions  of  the  Royal  Geological  Society  of  Cornwall. 

VoL  X.,  Part  3.    Jan.  1881-82.— ^rom  the  Society. 
w<2t^.— SchriftenderNaturforschendenGesellschaft.  Bd.IV.  1876-78. 

Bd.  V.  1879-82.— From  the  Society. 
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Du5Kn.— Proceedings  (Science).    Series  II.  VoL  III.,  Nos.  6-8.   1880-83 
Proceeding8(Polite  Literature  and  Antiquities).    Series  IL    Vol 

II.,  Nos.  2,  3.     1880-81.    From  the  Academy. 
Transactions   of   the    Boyal    Irish    Academy.      VoL    XXVII] 
Science      4to 
I.  On  Chemical  Equilibrium.    By  Dr.  Tarleton.     1880. 
II.  On  a  New  Sponge  with  supposed  Heteromorphic  Zooidi 
By  Dr.  Perceval  Wright     1881. 

III.  On  Blodgettia  Confervoides  of  Harvey.     By  Dr.  Perceva 
Wright     1881. 

IV.  On  New  Unicellular  Algse,  living  on  Rhizoclonium  Cm 
paryi.    By  Dr.  Perceval  Wright.     1881. 

V.  On  the   Periods  of   the    First   Class  of    Hyper-Ellipti 

Integrals.    By  W.  R  W.  Roberts.     1881. 
VI.  New  Researches  on  Sun-heat  and  Terrestrial  Radiatioi 
and  on  Geological  Climates.    By  Rev.  S.  Haughton,  M.I 
Parts  1,  2.     1881.    4to. 
VII.  Extension  of  Theory  of  Screws  to  the  Dynamics  of  an 

Material  System.     By  Rob.  S.  Ball,  LL.D. 
VIII.  On  some  hitherto  undescribed  Compounds  of  Selenion 
By  C.  A.  Cameron,  M.D.,  and  E.  W.  Davy,  M.D. 
IX.  Dynamics  of  a  Rigid  System  moving  in  Elliptic  Spac< 

By  R.  S.  Ball,  LLkD. 
X.  On  some  Deductions  from  M'Culloch's  Lectures  on  Rotation 
By  F.  A.  Tarleton,  LL.D. 
Polite  Literature  and  Antiquities.     No.  IV.    Ogham  Inscriptionc 

By  Sir  S.  Ferguson.     1881.     4to. — From  the  Academy, 
The  Scientific  Proceedings  of  the  Royal  Dublin  Society.    (Ne? 

Series.)    Vol.  IL,  Part  7,  1880.    VoL  III.,  Parts  1-6,  1881. 
The  Scientific  Transactions  of  the  Royal  Dublin  Society  : — VoL  L 
No.  13.   On  the  possibility  of  originating  Wave  Disturbance 
in  the  Ether  by  means  of  Electric  Force.    By  G.  F.  Fitzgerald. 
1880.    No.   14.  Explorations   in  the   Bone  Cave  of  Ballyna 
mintra.    By  G.  H.  Xinahan  and  R  J.  Ussher.     1880. 
Journal  of  the  Royal  Geological  Society  of  Ireland.    VoL  XVL 
Part  1.     1881.— ^rom  the  Society. 
Dunsink  (Dublin). — Astronomical  Observations  and  Researches  made  a1 

Dunsink.    4th  Part     1882.— From  the  Observatory. 
Edinburgh. — Transactions  of  the  Royal  Scottish  Society  of  Arts.   VoL  X 
Parts  3,  4.     1881-82.     8vo.— JFiwn  the  Society. 
Annual  Reports  of  the  Council  of  the  Royal  Scottish  Academy  oi 
Painting,  Sculpture,  and  Architecture.       1879-82. — From  tht 
Academy. 
Highland  and  Agricultural  Society  of  Scotland's  TransactionB.  iih 

Series.    VoL  XIIL,  1881.     Vol  XIV.,  1882.— i^Vwn  Sodetu. 
Transactions  and  Proceedings  of  the  Botanical  Society.    VoL  aIY.^ 

Part  1.     1881.     Syo.— From  the  Society. 
Transactions  of  the  Edinburgh   G^logical   Society.    Vol.  IV.^ 

Part  1.     Session  1881-81.     8vo.— From  the  Society. 

Journal  of  the  Scottish  Meteorological  Society.     With  Tables  foi 

Half- Year  endinc  30th  June  1877.    Nos.  LX.-LXIIL,  1879-8l» 

Nos.  LXIV.-LXIX.,  1881.    8vo.— From  the  Society. 

Proceedings  of  the  Royal  Physical  Society.    Session  187&-80L   8vo 

Monthly  and  Quarterly  Returns  of  the  Births,  Deatha,  and  Mar 

riages  registered  in  Scotland.    July  1879  to  July  1882. 
Ninth  Decennial  Census  of  the  Population  of  ScotiLand  (1881),  wid 
Report.    VoLL    Edin.  1882.    ¥ol---Fromth€  B^fitirm43mini 
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'dvnhurgh, — Edinburgh  University  Calendar  for  Sessions  1880-81, 
1881-82,  1882-83.  8vo.— jPVom  the  Univernty. 
Geological  Survey  of  Scotland.  One- Inch  Scale — Maps  of  Sork- 
cudbright  (No.  6),  of  Dumfries  and  Kirkcudbright  (No.  6),  of 
Kelso  (No.  26),  of  Glasgow  (No.  30),  of  Benh^lm  (No.  57a). 
Six-Incn  Scale — Map  of  County  of  Linlithgow  (No.  8),  of  County 
of  Perth  (Nos.  133,  134,  136,  139,  140,  141,  142,  143).  Hori- 
zontal Section  of  Scotland — Muirkirk  Coal  Fields.  Vertical 
Section  of  Scotland — Muirkirk  and  Douglas  Coal  Fields. 
Vertical  Section  of  Scotland— Rutherglen  and  Carluke 
Coal  Fields.  Explanation  of  Sheet  31,  embracing  parts  of 
Stirlingshire,  Lanarkshire,  and  Linlithgowshire. — From  the 
Survey. 

kcUherinebourg — Bulletin  de   la    Soci^t^    Ouralienne    d' Amateurs   des 
Sciences  Naturelles.     Tomes  V.,  VI.,  VIL,  Livr.  1,  2.    1880-82 
(In  Russian  and  French.) — From  the  Society, 

rlcmgen  University. — The  following  Inaugural  Dissertations  : — 

Alafberg  (C.  Eugen).  Ueber  die  angebome  Verwachsunc  der Finger 
— Amon  (H.).  Zur  Pathologischen  Anatomie  der  Soliden  0 vanen • 
tumoren. — Andreae  (H.  C).  Ueber  die  bei  der  Nitrirung  von 
Ortho-und  Paraazophenetol  entstehenden  Nitrokdrper  und 
deren  Derivate. — Bacharach  (J.),  Schnittpunksysteme  algeb- 
raischer  Curven. — Baist  (Gottfried).  Alter  und  Textueber- 
lieferung  der  Schriften  Don  Juan  Manuels. — Becker  (Dr.  Carl). 
Ein  Fafl  von  Hospitalbrand  in  der  Privatpraxis. — Bemhuber 
(F.\  Ueber  Carcinom  und  Sarcom  am  Uteruskorper. — Beutner 
(F.).  Ein  Fall  von  Doppelmissbildung  (Thoracopagus  tetra- 
brachius).— Bohmer  (C.  H.).  Ueber  Diazophenole. — Bdmer 
{C.\  Ein  Beitrag  zur  Pathogenese  der  Pericarditis. — Bostroem 
(K).  Das  Endothelcarcinom  :  Ein  Beitrag  ziir  Histogenese  des 
Carcinoma. — Bredenkamp  (C.  J.).  Vaticinium  quod  de  Im- 
manuele  edidit  Jesaias  (Vll.  1,  IX.  6)  explicatum. — Brock  (J.). 
Versuch  einer  Phylogenie  der  dibranchiaten  Cephalopoden. — 
Buchner  (W.).  Die  Einwirkung  des  Alcohols  auf  die  Magen- 
verdauung. — Cramer  (F.).  Zur  Pathogenese  der  febrilen  Al- 
buminurie. — Dietrich  (0.).  Ueber  die  Wiederholungen  in  den 
altfranzdsischen  Chansons  de  Geste. — Ebert  (A.).  De  M.  Comelii 
Frontonis  Syntaxi. — Franz  (C).  Ueber  kiintsliclie  Athmimg. 
— Fccopytos  (AvSpcas  IlaTra).  UpayfiaTcta  Trcpi  twv  fnjfUiTUCfiiV 
CTrtdrrwv  tco,  tco,  rerf,  tcov,  &C.,  Trap  enra  koa  €1x00*1  irotiTrais 
Ktu  TTC^ois  avyypa<l>€vcriv. — FcwpyowovAos  (F.  A.).  Ilcpt  tow 
ya fiov  T<i)v  ap\aniiv  EAAi/vrcov. — Goes  (W.).  Einfluss  der  anti- 
septischen  Wundbehandlung  auf  die  Therapie  der  Hemien. — 
Grimm  (F. ).  Slickstoffausscheidung in  pathologischen  Zustanden. 
— Hauser  (G.).  Physiologische  u.  mstologische  Untersuchungen 
iiber  das  Geruchsorgan  der  Insekten. — Ueim  (L.).  Die  Veran- 
derungeu  im  Magen  nach  VergiiXung  mit  Arsenik. — Heimbe 
(M.).  Acute  Miliartuberculose  des  puerperalen  Uterus  unter 
den  Symptomen  eines  Puerperalfiebers. — Hallbauer  (0.).  Life 
and  Works  of  George  Farquhar. — Hellmuth  (K.).  Zur  Casuistik 
der  Missbildungen  :  Ein  Fall  von  congenitalen  Badiusdefect 
und  von  Dicepnalus  dibrachius  tripus. — Hensolt  (L.).  Tem- 
peratur- Minimum  und  Maximum  fur  die  Erminung  einiger 
Culturpflanzen. — Hoffman  (J.).  De  Pseudoapmeiano  Libro  de 
Mundo. — Johannides  (Dr.  D.  P.).  Die  gefaeslose  Stelle  der 
menschlichen  Retina,  und  deren  Verwerthung  zur  Bestimmung 
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der  Ausdehnimg  der  Macula  lutea. — Ko^uxouXa  (A.).  IIc/m 
apxrj^  KOI  xpvjo€Q}^  row  Src^vov  iroparot^  ^EAAi^o-tv.— Eietz 
^A^.  Zur  Lehre  von  der  Veidauung  im  Magen.  — Kiessellndi 
(W^).  Zur  normalen  u.  patholodscoen  Anatomie  des  Schlae- 
tebeins. — Kircliner(V.  M.).  Sulfotoluid  u.  einige  Derivate.— 
Koberlin  (H.).  Verhalten  der  Cervix  Uteri  wahrend  der 
Schwangerschaft. — Kiaemer  (0.).  Ein  Fall  von  tabetiscber 
Affection  beider  Hiiftgelenke. — Francke  (QA  Ueber  Hes- 
peridin  und  Beigapten. — Kreuzmann  (H.V  Ueber  Messong 
Schwangerer  als  diagnostisches  Hilfsmittel. — Leist  (J.).  Zur 
Lehre  vom  Foetus  sanguinolentus. — Libieratoe  (E.).  Alter- 
thiimer  yon  der  Insel  Kephalenia. — Macher  (H.).  Electro- 
therapeutiBche  Erfahrungen  bei  Au^enaffectionen. — Meiuel 
(E.).  Die  Privatklage  nacb  dem  Reichsetrafprozessrechte.— 
Mangelsdorff  (MA  Zur  Casuistik  der  Balkendefecte. — Mitten- 
zwe^  (0.).  Athyiirten  Ortho-und  Paraamidopbenole. — Mosca- 
telli  (R.).  Das  Vorkommen  von  Zucker  und  QaUenforbetoff  im 
mensclmchen  Harn. — Miihle  (F.).  Ein  Fall  von  Anus  praeter- 
naturalis.— Nijssen  (Q.).  An^borene  Difibrmitaten  des  Enie- 
gelenkes. — Panhoff  (W.).  Die  pbjsiologischen  Wirkungen  des 
Methylenchlorid. — IIoXitos  (N.  P.).  Ai;/uui>8€is  /AerccopoXayucoi 
MvOoi, — Preuss  (S.).  De  Bimembris  dissoluti  Usu. — Rinck  (L.). 
Enthalt  die  Grundluft  Ammoniak? — Schiller  (Dr.  A.).  Der 
chinesiflche  Thee  und  seine  Verfalschungen. — Schilling  ^Dr.  F.). 
Zur  iEtiologie  des  Akuten  Gelenkrheumatismus.  — Sclboeman 
(0.).  Die  Wirkung  des  Physoetigmins  auf  die  Pupille.^^hoe- 
man  (R.).  Werth  der  Fleischsolution  bei  der  Benandlung  des 
einfachen  Magengeschwiirs. — Schroter  (H.) .  Die  Giftwirkungen 
der  Benzarsinsaure  des  Arseniks  und  der  Arsensaure. — Schwan 

gOr.  F.).  Jod,  ein  Specificum  gegen  croupose  Pneumonie.— 
iemienski  (J.  J.  v.).  Ueber  einige  Phenanthrenderivate.— 
Soltmann  (U.).  Der  Infinitiv  mit  der  Praposition  k  im  Alt- 
franzosischen. — Steiner  (M.).  Giebt  es  habituelles  Absterben 
der  Frucht  ohne  Syphilis? — Salger  (Dr.  C).  Rinflnftn  der 
Ventilation  auf  die  uO|-Menge  im  Boden. — Sassmann  (£.). 
Ein  Fall  von  interstitieller  Schwangerschaft. — Schillfarth  (Dr. 
H.).  Yon  der  Magenerweiterung  und  ihrer  mechanischen  Be- 
handlung. — Schwarz  (Dr.  AX  Ueber  Conglutinatio  Orificii 
Uteri  extemi. — Stich  (J.).  De  Polybii  dicendi  genere. — Till- 
mann  (H.).  De  Dativo  verbis  passivis  Linffuse  Latin®  subjecto, 
qui  vocatur  Graecus. — Toeniessen  (G.).  Ueber  Blutkorperchen- 
zahlung  beim  gesunden  u.  kranken  Menschen. — Veia^th  (C). 
Veranderungen  des  Lungenepithels  bei  kiinstlich  nervoiee- 
rufenen  pneumonischen  Prozessen. — Vogel  CP.),  Uebei*  oie 
Curven  vierter  Ordnung  vom  Geschlechte  ems, — Winter  (J.). 
Die  metrische  Recons^ction  der  Plautiniachen  Cantica.— 
Zingerle  (W.).  Ueber  Raoul  de  Houdenc  und  seine  Werke.— 
ZeiUer  (F.  X.).  Ueber  die  Menge  des  von  Pyiogallol  in  alka- 
lischer  Ldsung  absorbirten  Sauerstoffes,  und  ueber  den  Saner* 
stoffgehalt  des  Wassers. — From  the  Univenity, 

Essex  Institute. — See  Salem. 

Frarnkfurt'O-M. — Abhandlungen   herau^ieceben  von  der  Seackenbeig- 
ischen  Naturforschenden  Gesel&maft    Bd.  XII.,  Hfte.  1  to  4 
1880-81.    4to. 
Bericht  iiber  die  Senckenbeigische  NataifGnoheside  notrllirhift 
Bde.  fur  1879-80,  1880-81.    8yo.— fVtmi  th$  SoaU^ 
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Genev<k — M^moires  de  la  Socidt^  de  Physique  et  d'Histoire  Natnrelle  de 
Geneve,   Tome  XXVII.,  Pts.  1,  2.     1880-81.— From  the  Society, 
Genoa, — Annali  del  Museo  Civico  di  Storia  Naturale.     II  Marchese  G. 
Doria,  Direttore.     Vol  XV.,  1879-80.     Vol.  XVI.,  1880-81. 
Vol   XVII.,  1881.     Ragni  dell'  Austro-Malesia  et  del  Capo 
York,  per  T.  Thorell.    8vo. — From  the  Museum, 
Okugow. — Proceedings  of  the  Philosophical  Society  of  Glasgow.    VoL  XI., 
No.  2.  VoL XII.  Vol.XIlL,No.2.    1818^2,— Frcm  the  Society. 
Transactions  of  the  Geological  Society  of  Glasgow.    Vol.  VL, 
Part  2.    8vo. — From  the  Society, 
GUfUingen, — Abhandlimgen  der  Kdnigl  Gesellschaft  der  Wisenschaften. 
Bde.  XXVI.  XXVIL  XXVni.     1880-81. 
Nachrichten  von  der  K.  Gesellschaft  der  Wissenschaften  und  der 
Georg-Augusts-Universitat,   aus   dem  Jahre  1880-81.    8vo. — 
From  the  Society, — From  the  University, 
Graz, — Mittheilungen  des  Naturwissenschaftlichen  Vereines  fur  Steier- 

mark.    «^hrg.  1881.    8vo. — From  the  Society. 
Grccntricfc.— Spectroscopic  and  Photographic  Results.    1880,  1881  (Royal 
Observatory,  Greenwich).    4to. 
Astronomical,  Magnetical,  and  Meteorological  Observations,  1878, 

1879, 1880.    4to. 
Observations  of  the  Transit  of  Venus,  1874,  Dec.  8,  made  under 
the  authority  of  the  British  Government,  and  Reduction  of  the 
Observations.    4to.     1882. — From  the  Observatory, 
Hague  (The), — Commission  Gdod^sique  N^erlandaise.     1.  Determination 
k  Utrecht  de  I'Azimut  d'Amersfoort  par  J.  A.  C.  Oudemans. 
4to.     1881. — From  the  Commission, 
Haarlem, — Archives  N^erlandaises  des  Sciences  Exactes  et  Naturelles, 
pubU^es  par  la  Soci^t^  HoUandaise  de  Harlem.    Tomes  XVI., 
XVII.     1881-82.     8vo.— jPVom  the  Society. 
Archives  du  Mus^e  Teyler.    Serie  II.     I'*  Ft.     1881. 
Teyler's  Godgeleerd  Genootschap.    N.  Serie,  Tiende  Deel,  Stuk 
1,  2.     1882.— From  the  Museum, 
Halifax. — Proceedings  and  Transactions  of  the  Nova  Scotian  Institute  of 
Natural  Science.     Vol.  IL,  1866-70;  Vol.  III.,  1870^74;  VoL 
IV.,  1875-78  ;  VoL  V.,  Parts  1-3,  1880-81.— fVom  InstUuU, 
HaUe. — Nova  Acta  Academiae  Caesareae  Leopoldino-CarolinaeGermanicae 
Naturae  Curiosorum.    Tom.  XLI-XLIII.     1879-82. 
Leopoldina,  amtliches  Organ  der  K.  Leopold-Carolinisch-Deutschen 
Akademie  der  Naturforsoher.     Hft  XVI.,  XVII.      1880-81. 
4to. — From  the  Academy. 
Abhandlungen    der    Naturforschenden    Gesellschaft     Bd.    XV. 

1881.    4to. 
Bericht  iiber  die  Sitzungsen  der  Naturforschenden  Gesellschaft 
1880-81.    8vo.— From  the  Society. 
Hdsingfors, — Ofversigt  af   Finska  Vetenskaps-Societens  Forhandlingar. 
VoL  XXII.     1879-80.    8vo. 
Observations  Mdt^orologiques,  publi^es  par  la  Society  des  Sciences 

de  Finlande.    Annies,  1879.     8vo. 

Bidrag  til  Kannedom  af  Finlands  Natur  och  Folk,  utgifiia  af 

Finska  Vetenskaps-Societeten.    Haft  33, 34, 36.    1880-81.    8vo. 

Indian  Government^  Calcutta^ — Records  of  the  Geological  Survey  of  India. 

VoL  XII.,  Part  4,  1879 ;  VoL  XIIL,  Parts  1,  2,  3,  4,  1880 ; 

VoL  XIV.,  Parts  1,  3,  4,  1881. 

Memoirs  of  the  Geological  Survey  of  India. — Vol.  XV.,  Part  2. 

Griesbach  (C.   L.^.     Geologr  of  the  Ramkola  and  Tatapani 

Coamelds.     1880.— VoL  XVl.,  Part  2.    Nellore   portion   of 
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Camatic  Part  3.  Upper  Gondwanas  of  Godavari  DiBtrict 
1880.  8vo.— Vol.  XVII.,  Part  1.  Blandford  (W.  J.).  Geo- 
logy of  Western  Sind.  1879.  Part  2.  Wynne  (A.  B.).  Trans- 
Indua  Extension  of  the  Punjab  Salt  Range.  1880.— Vol  XVIII. 
Part  1.  Bolan  Pass.  Part  2.  Districts  of  Manbhum  and 
Singhbhum.  Part  3.  Pranhita-Goddvari  Valley.  1881. 
Indian  Govemmentf  Calcutta. — Palseontoloeia  Indica.  Series  X.  VoL  I., 
Part  4.  Supplement  to  Crania  of  Ruminants.  By  R.  Lydeker. 
1880.  4to.  Part  5.  Siwalik  and  Narbada  Proboscidia.  Bv  B 
Lydeker.  1880.  4to. — Series  XIII.  Productus — Limestone 
Fossils.  2.  Pisces — Cephalopoda,  Supplement.  Gasteropoda. 
1880.  4to.— Series  II.  VoL  I.  Fossil  Flora  of  the  Gondwana 
SysteuL  Vol  I.  1880.  FoL— Series  II.,  XL,  XII.  Fossil  Flora 
of  the  Gondwana  System.  Vol.  III.  2.  Flora  of  the  Damuda 
and  Panchet  Divisions.  Parts  1,  a  1880-81.  FoL— Series 
XL  Parts  1,  2.  Jurassic  Flora  of  Kach.  Flora  of  Jabalpur 
Group. — Series  XII.  Gondwana  System,  1st  Supplement  Flora 
of  Talchir-Karharbari  Beds.  1881.  FoL— Series  XIII.  1. 
Productus — Limestone  Fossils,  3.   Pelecypoda.      1881. — Series 

XIV.  VoL  I.   Fossil  Echinodea  (of  Western  Sind).     By  P. 
Martin  Duncan,  F.RS.,  and  W.  Percy  Sladen,  F.L.S.     1882. 

A  Manual  of  the  Geolo^  of  India.     Part  3.  Economic  Geology. 

By  V.  Ball,  M.A.    Cdcutta,  1881.    8vo. 
The  Indian  Antiquary:  A  Journal  of  Oriental  Research.   1880-82. 
The  Flora  of  British  India.     By  Sir  J.  D.  Hooker,  M.D.    Part  a 

1880. 
Accoimt  of  the  Operations  of  the  Great  Trignometrical  Survey  of 

India.    VoL  VI. 
The  Triangulation  of  the  South-East  Quadrilateral,  including  the 

Great  Arc  Section  18''  to  24^  the  East  Coast  Series,  the  Calcutta 

and  Bider  Series,  &c.     1880.    4to. — From  Indian  Govtmmmt 
Jena, — Denkschriften  der  Medidnisch-NaturwlBsenschaftlidien  Gesell- 

schaft : — 
Band  I.,  1*«  Abth.    System  der  Aciaspeden,  mit  Atlas,  von  Ernst 

HaeckeL 
Sitzungsberichte  der  Jenaischen  Gesellschaft  for  Medicin  und 

Naturwissenschaft  flir  1881.    8vo. 
Jenaische  Zeitschrift  fur  Naturwissenschaft,  herausgeben  von  der 

Medicinish-Naturwissenschaftlichen  Gesellschaft  zu  Jena.    Bd 

XV.  1882."    Syo.^From  the  Society, 

Kasan. — Isvestia  i  Ouchenuia  Sapiski  Imperatorskago  Elasanskago  Uni- 
versiteta.     1880.     Nos.  1-6.    8vo.— JP'rom  the  Univenity. 

Keto, — Kew  Observatory  Report  for  1881.    8vo. 

Kiel, — Vierter  Bericht  der  Commission  zur  wissenschaftUchen  Unte^ 
suchnng  der  deutschen  Meere  fiir  die  Jahre  1877,  bis  1881. 
Abtheill.     1882.    FoL — From  the  Commisnon. 
Schriften,  der  Universitat  zu  KieL    Bd.    XXVI.,  XXVIL    1878- 

80.  4to. — From  the  University, 
Becker  (H.).  Die  Hemiotomien  der  Baeler  Klinik  1877-^.— 
Benthin  (0.).  Resection  des  Fussgelenks.  1880. — Berthean 
(H.).  Zur  Lehre  von  der  Inhalationstuberculoee.  1880.— 
Bock  (C).  De  Metris  Horatii  lyricis.  1880.— Beckendshl 
(A.).  Bewegungen  des  M.  Tensor  Tymmni  nach  BeobachtongeD 
beim  Hunde.  1880.— Botjer  (W.).  Die  Antisepsis  in  der 
Geburtshiilfe.  1880.— Burchard  (J.  L.).  Zur  Lehre  vom 
Erfiillungsorte.  1880.— Biiltmann  (W.).  Zom  Eifolge  der 
li«dtctomie  bei  Glaucoma  Simplex.    188a — CoMck  (J.).    Deri- 
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vate  der  Toluidine.  1880. — Diivellus  (J.).  Entzundun^en  der 
Bursa  trochanterica.  1880. — Fritz  (R.).  Die  Resektion  des 
Ellenbogengelenks,  nebst  Falle.  1868-80.— Goetz  (E.).  Das 
Homatropin  in  der  Augenheilkunde.  1880. — Grothe  (0.). 
Ueber  Metajodorthonitro  imd  Amido  Benzoeaauren,  sowie 
iiber  Nitrobeuzylcyanide  u.  Paranitrophenvlessigsaure.  1880. — 
Hansen  (M.).  De  Tropis  et  Figuris  apud  TibullunL  1881. — 
Hass  (H.).  De  Herodis  Attici  Oratione  7r€pi  iroXircuis.  1880. 
— Heinemann  (J.).  Die  Krystallinischen  Geschiebe  Schleswi^- 
Holsteins.  1879. — Hennings  (P.).  Statistik  u.  Aetiologie 
der  amyloiden  Entartung.  1879. — Henrici  (C).  Trepanation 
bei  Gebimabscessen.  1880. — Hecksteden  (E.).  Zur  Lenre  vom 
Echinokokkus.  1881. — Lorck  (A).  Hermann  von  Salza.  Sein 
Itinerar.  1880. — Luebbert  (G.).  De  Amnestia  anno  CCCCIII. 
a.  CLr.  n.  ab  Atheniensibus  decreta.  1881. — Mayer  (G.).  Ueber 
einige  kiinstliche  u.  natiirliche  Alkaloide.  1879. — Peters  (J.). 
Ueber  Natron  salicylicum  beim  Diabetes  mellitus.  1880. — 
Petersen  (Gul.),  Qaaestiones  de  Historia  Gentium  Atticaram. 
1880. — Petersen  (H.).  Magenresection  zur  Heilung  einer  Magen- 
bauchwandfistel.  1880. — Puis  (A).  Lautlehre  der  Lieder 
Mu8catblut*s.  1881. — Eheder  (B.).  Die  subpleuralen  Ecchy- 
mosen  beim  Erstickungstode.  1880. — Schrader  (A.).  Alten- 
glische  Kelativpronomen  der  spracbe  Chaucer's.  1880. — Schall 
(C).  Einwirkung  von  Tetrachlorkohlenstoff  auf  die  drei 
Isomeren  Eresole  und  Ozydation  der  daraus  entstehenden 
Oxytoluylsauren  zu  Oxyphtalsauren.  1881. — Thaden  (C.  v.). 
Das  Senile  Staphylom.  1880.— Thiessen  (J.  H.).  Die  Legende 
von  Kis&gotami     1880. — From  the  University. 

tuaanne. — Bulletin  de   la   Soci^t^  Vaudoise  des  Sciences  Naturelles. 
2deS^rie.    Vols.  XVII.,  XVIII.     1881-82.    8vo. 

iedk — Philosophical  and  Literarv  Society.     60th  Report.     1880-82. 

ipzig, — Berichte  iiber  die  Vernandlungen  der  KonigL     Sachsischen 
GeseUschaft  der  Wissenschaften.    Math.  Phys.  Classe.     1880. 
8vo. 
Abbandlungen  der  MatL-Physischen  Classe.    Bd.  XII.,  Nos.  5,  6. 

1880.  4to. 
Preisschriften  gekront  u.  herausgegeben  von  der  Fiirstlich  Jablo- 
nowski'schen  GeseUschaft.  No.  15.  Die  Historisch-National- 
okonomische  Section.  Die  Griechischen  Worter  im  Latein.  1882. 
8vo. 
Sitziingsberichte  der  Naturforschenden  GeseUschaft.  1879,  1880, 
Nos.  1,  2. — From  the  Society, 

:««.— Soci^tiS  G^ologique  du  Nord.    Annales  VII.,  1879-80 ;   VIII., 
1880-81.— -^om  the  Society, 

'verpool, — Proceedings  of  the  Literary  and  PhUosophical  Society.    Vols. 
XXXIIL,  XXXIV.     1878-80.    Syo,— From  the  Society, 

jtbon, — Memorias  da  Academia  Real  das  Sciencias.  Classe  de  Sciencias 
Moraes,  PoUticas  e  BeUas-Lettras.  Nova  Serie,  Tomo  V., 
Parte  1.  4to.  Classe  de  Sciencias  Mathematicas,  Physicas, 
e  Naturaes.  Nova  Serie,  Tomo  V.,  Parte  2,  1878.  4to.  Tomo 
VI.,  Parte  1,  1881. 
Sess&o  Publica  da   Academia  Real  das  Sciencias,  em  9  Junho 

1880. 
Jomal  de  Sciencias  Mathematicas,  Physicas  e  Naturaes  publicado 

da  Academia.     Nos.  27,  28,  29.     1880.     8vo. 
Conferencias  na  Academia  dcerca  dos  Descobrimentos  e  Coloni- 
sa^Ces  dos  Portuguezes  na  Africa.     18801    8vo. 
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Lisbon, — Demosthenes.  A  Ora^  da  Coroa.  Versao  e  Estndo  sobre  a 
Civilisacao  da  Qreda.  For  J.  M.  Latino  Coelha  SS^  Edicaa 
1880.    8vo. 

Don  Pedio  Calderon  de  la  Barca :  Rapido  E8bo90  da  sua  Vida  e 
Escriptos.    Per  Jos^  Silvestre  Ribeiro.    1881.    8vo. 

WilHajn   Shakespeare — Hamlet.     Traduc^ao   de    Bulhao   Pata 

1879.  8vo. 

Flora  dos  Lusiadas.     Pelo  Conde  de  Ficalho.     1880.     8vo. 

Vida  e  Viacens  de  Femao  de  MagalhSes  por  Di^ro  de  Barros 
Arana.  Iraduc^  do  Hespanhof  de  F.  de  Mag^hftes  Villas- 
Boas.    1881.    8vo. 

Historia  dos  Etabelecimentos  Scientificos  Litterarios  e  Artisticoe 
de  Portugal    Tom.  VIIL,  IX. 

Elementos  de  Histologia  Geral  e  Histophysiologia.     Por  £.  A. 
Motta.     1880.    8vo. — From  the  Liibon  Acadenw, 
London, — Proceedings  of  the  Society  of  Antiquaries.    Vol.  VIII.,  Nos 
4.  6.     1880. 

Arch»ologia ;  or  Miscellaneous  Tracts  relating  to  Antiquity.  Vol 
XLVL,  Part  2  ;  XLVIL,  Part  1.    1881-82.  Ato.—FromSociUy. 

Journal  of  the  Anthropological  Institute  of  Great  Britain  and 
Ireland.    Vol  XI.     1881-82.     8vo.— ^rom  the  Institute, 

Journal  of  the  Society  of  Arts.    1879-82.    QYO.-^From  the  Society. 

Nautical  Almanac  and  Astronomical  Ephemeris  for  the  Years 
1884,  1886,  1886.— -FVom  the  Lords  of  die  Admiralty. 

Monthly  Notices  of  the  Royal  Astronomical  Society.  VoL  XLI. 
1880-82.  8vo. — Memoirs  of  the  Royal  Astronomical  Society, 
Vols.  XLV.,  XLVL    1880-81.    4to.— i^rom  the  Society. 

Report  of  the  Scientific  Results  of  the  Exploring  Voyage  of 
H.M.S.  "Challenger,"  1873-76.  4to.— Narrative,  Vol.  IL  1882. 
— Zoology.  Vol.  I.  Report  on  the  Brachiopoda.  By  T.  David- 
son, F.R.S.— The  Pennatulida.  By  A.  v.  KoUiker.— The  Ostra- 
coda.  By  G.  S.  Brady,  M.D.— The  Bones  of  Cetacea.  Bv 
Professor  W.  Turner,  F.R.S.S.L.  &  E.— The  Development  of 
Green  Turtle.  By  W.  K.  Parker,  F.R.S.— The  Shore  Fishes. 
By  A.  Giinther,  M.D. — VoL  IL,  1881.  Hydroid,  Alcyonarian,  and 
Madreporarian  Corals.  By  H.  N.  Moseley,  F.R.S. — The  Birds. 
By  Dr.  P.  L.  Sclater,  F.R.S.— VoL  III.,  1881.  The  Echinoidea. 
By  Alexander  Agassiz. — The  Pycnogonida.  By  Dr.  P.  P.  C. 
Hoek.— VoL  IV.,  1882.  Anatomy  of  the  Petrels.  By  W.  A 
Forbes,  F.L.S. — The  Deep-Sea  Medusas.  By  Professor  Ernest 
Haeckel,  M.D.— The  Holothurioidea.  By  H.  Th6eL— VoL  V., 
1882.  The  Ophiuroidea.  By  T.  Lyman. — Anatomy  of  the 
Thylacine,  Cuscua,  and  Phascogale,  and  Muscles  and  Neryes  of 
the  Mammalian  Pes.  By  Dr.  D.  J.  Ctmningham. — From  the 
Lords  of  the  Treasury, 

Journal  of  the  Chemical  Society.  1880-82.  Bvo.—From  the 
Society, 

Transactions  of  the  Clinical  Society  of  London.  Vols.  XIII., 
XIV.,  XV.    1880-82.— l?Vom  the  Society, 

Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineen, 
Vols.  LXIV.-LXX.     1880-82.    8vo.— .Prom  the  Society, 

Institution  of  Mechanical  Engineers,  Proceedings  and  Qitalogue. 
No.  2, 1881-82.— i*rom  the  Institution. 

Proceedings  of  the  Royal  Geographical  Society.  New  Series. 
VoL  III.,  1880-81 ;  VoL  IV.,  1881  Journal  of  the  B^  Geo- 
graphical Society.    New  Series.    VoL  XLIX.,  1^9 ;  VoL  L, 

1880.  %^^.^From  the  Society. 
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Amdotk — Abstracts  of  Proceedings  of  the  Qeological  Society  of  London. 

1880-82. 
Quarterly  Journal  of  the  Geological  Society.    Vols.  XXXVII., 

XXXVIII.    1881-82.    Catalogue  of  the  Library  of  the  Geologi- 
cal Society  of  London.    Lond.  1881.    8vo. — From  the  Society. 
Proceedings   of   the   Geologists'    Association.     Vols.  VI.,  VII. 

1880-82. — From  the  Association, 
Journal  of  the    East    Indian  Association.    Vols.   XIII.,  XIV. 

1880-82.     8vo. 
Report  of  the  Eew  Committee  for  the  year  1880. 
Journal  of  the  Linnean  Society,  1881-82. 
The  Transactions  of  the  Linnean  Society.    Second  Series.    Zoology. 

VoL  IL,  Parts  2,  3, 4.    1881-82,    4to. 
The  Transactions  of  the  Linnean  Society.    Second  Series.    Botany. 

Vol.  I.,  Part  8,  1880 ;  Vol.  IL,  Parts  1,  2,  IBSh—From  the 

Society. 
Transactions  of  the  Royal  Society  of  Literature.     Second  Series. 

VoL  XII.,  Parts  2, 3.     1880.    8vo.— -From  the  Society, 
Proceedings  of  the  London  Mathematical  Society.    Vol&  XL,  XII., 

XIII.     1880-82.— jPVom  the  Society, 
Medical  and  Chirurgical  Transactions  published  by  the  Royal 

Medical  and  Chirurgical  Society.    Second  Series.    Vols.  XLV., 

XLVL     1880-81.    8vo. 
Proceedings  of  the  Royal  Medical  and  Chirurgical  Society.    VoL 

IX,  Nos.  1-4.     1881-82.— jPVom  the  Society. 
Quarterly  Journal  of  the  Meteorological  Society.    Vol.  VII.,  Nos. 

37^1.    VoL  VIII.,  Nos.  42,  43.     1880-82.    8vo. 
Index  to  Publications  of  the  English  Meteorological  Society, 

1839—81 
The  History  of  English  Meteorological  Societies,  1823-80.    The 

Presidenrs  Addrc^  at  the  Meeting.  19th  Jan.  1881. 
The  Meteorological  Record :    Montnfy  Results  of  Observations 

made  at  l^e  Stations  of  the  Meteorological  Society.    Nos.  1,  2, 

3,  4,  6.     1881-82. 
Report  of  the  Meteorological  Council  to  the  Royal  Society  for  the 

years  ending  31st  March  1880  and  31st  March  1881. 
Meteorological  Observations  at  Stations  of  the  Second  Order  for 

the  year  1879.    4to. 
Quarterly  Weather  Report  of   the  Meteorological  Office.    New 

Series.    Part  1,  Jan.  to  Mar.  1876.    Official,  No.  33. 
Hints  to  Meteorolo^cal  Observers,  with  Instructions  for  taking 

Observations,  ana  Tables  for  their  Reduction.     By  William 

Marriott    Lond.  1881.    8vo. 
Report  of  lutemational  Meteorological  Committee  Meeting  at 

Berne.     Official,  No.  14.     1880,  1881.    8vo. 
The  Meteorological  Record  ;  Monthly  Results  of  Observations  at 

Stations  of  tne  Meteorological  Society  for  Quarter  ending  June 

30,  1881.     Nos.  2,  a     8vo. 
Contributions  to  our  Knowledge  of  the  Meteorology  of  the  Arctic 

Regions,     Pt.  3.     1882.    4to. 
Report  on  the  Storm  of  October  13-14,  1881. 
Report  on  the  Gales  in  the  Ocean  adjacent  to  Cape  of  Good  Hope. 

By  Captain  H.  Toynbee.    1882.    4to. — From  the  Meteorological 

Society, 
Journal  of  the  Royal  Microscopical  Society,  containing  its  Trans- 
actions and  Proceedings.     New  Series.    Vols.  I.,  II.     1881-82. 

8vo. — From  t^  Society. 
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London. — Statistical  Report  of  the  Health  of  the  Navy  for  187d-80.— 

From  the  Lords  CommissioHers  of  the  Admiralty, 
The  Mineralogical  Magazine  and  Journal  of  the  Mineralodcal 

Society  of  Great  Britain  and  Ireland.    VoL  III.,  No.  18.    VoL 

IV..  No.  19.     1880-81.— JPVom  the  Society. 
Britisn  Museum — Illustrations  of  Typical  Specimens  of  Lepidoptera 

heterocera  in  the  Collection  of  the  British  Museum.      Part  V. 

By  Arthur  Gardiner  Butler.      Lond.,  1881.     4to. 
Catalogue  of  Passeriformes  or  Perching  Birds  in  the  British 

Museum.  (Cichlomorphse,  Pt  II.,Turdid8e.)  Bv  Henry  Seebohm. 

1881.     870. 

Catalogue  of  the  Passeriformes.     Cichlomorphae,  Pt  III, 


containing  uie  First  Portion  of  the  Family  Timelid^e  (Babbling 
Thrushes).    By  R.  B.  Sharpe.     1881.     8vo. 

Catalogue  of  the  Batrctcia  salientia  (S.  ecaudata)^  in  the 


Collection  of  the  British  Museum.    By  G.  A.  Boulenger,  2nd 
Edition.     London,  1882.     8vo. 

List  of  Hymenoptera  with  Figures,  &c.,  in  the  British 


MuseuuL   VoL  I.  Tenth redinidse  and  Siricidse.   By  W.  F.  Kirby. 

1882.     8vo. — From  the  Trustees  of  the  British  Museum, 
Transactions  of  the  Pathological  Society  of  London.    Vols.  XXXL, 

1880 ;  XXXII.,  1881.     8vo.— From  the  Society. 
Philosophical    Transactions     of     the    Royal     Society.        Vok 

CLXXI.,  Pts.  2,  3 ;  CLXXIL,   1880-81 ;  CLXXIIL,  Pt  1, 

1880-81. 
Proceedings  of  the  Royal  Society.    Vol.  XXXL,  Nos.  206-211; 

VoL  XXXII. ;  VoL  XXXIIL     1879-82. 
Catalogue  of  Scientific  Books  in  the  Library  of  the  Royal  Society. 

1881.     8vo. — From  the  Royal  Society. 
Proceedings  of  the  Royal  Institution  of  Great  Britain.     VoL  IX, 

Parts  3,  4,  6.     1880-81.     Catalogue,  VoL  II.— From  the  Institu- 
tion. 
Journal  of  the  Statistical  Society.    Vols,   XLIIL,  Parts  3,  4; 

XLIV.,  XL  v.,  Parts  1,  2.     1880-82.— l^rot»  the  Society. 
Transactions  of  the  Zoological  Society  of  London.     Vol.  XL,  Pts. 

3-7,  1881-82.     4to.     Proceedings  for  the  years  1881-82,  and 

Index,  1871-80. — From  the  SoeiSy. 
Lund. — Acta  Universitatis  Lundensis, — Philosophi,  SpT&kyetenskap  och 

Historia.     Tom.  XIV.-XVII.    1877-1881. 
Mathematik  och  Naturretenskap.  Tom.  XIV.-XVIL   1877-1881. 
Theologi.    Cm  Nadens  Ordning  i  dess  inre  Sammanhang.  Af  Otto 

Ahnfelt     1880-81. 
Festskrift  till  Kgl.  Universitet  i  Kopenhamn  frftn  KgL  Carolinska 

Universitet  i  Lund,  Clams  Saga :  Clari  Fabella,  Islandice  et 

Latine.    Juraformationen  p&  Bomholm.     1879.    4to. 
Minneskrift  udgifven  af  Kongl.   Fysiographiska  ^llskapet,  1878. 
Lyons. — M^moires  de  I'Acaddmie  des  Sciences,  Belles- Lettres  et  Arts. 

Classe  des  Sciences,  Tomes  XXIII ;  XXV"*.   Classe  des  Lettres, 

Tomes  XIX.,  XX.,  1879-82.— J?'rom  the  Academy. 
Annales  de  la  Socidtd  d' Agriculture,  Histoire  Nataielle,  et  Arts 

Utiles.    5««  Serie,  Tomes  IL,  IIL,  1879.    Tome  IIL,  188a 

8vo. — From  the  Society. 
Nouvelles  Remarques  sur  laR^forme  de  la  Nomendatme  Botanique. 

Par  le  Dr  Saint- Lager.     Lyons,  1881.     8vo. 
Annales  de  la  Soci^t^  Botanique  VIIL"»«  Ann^,  No,  1.   1881.  8va 
Mus6e    Guimet     Annales,    Tom.    1>3.     1880-61.      BeTiifi  ds  ' 

VHiatoire  des  Religions.    Tomes  1-^    1880-dL    dva 
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fadrcu, — Report  of  a  Tour  in  the  Cuddapah  and  North  Arcot  DiBtricts 

in  1879.    By  Charles  Benson.    FoL 
The  Madras  Journal  of  Literature  and  Science  for  1879-80.     8vo. 
fadricL — Memorias  de  la  Comision  Geologica  de  Espana  Provincia  de 

Salamanca.     1880.     8vo. 
Boletin  de  la  Comison  del  Mapa  Geol(^co  de  Espana.    Tomo  Vll. 

Cuademos  1,  2.     1880. — From  the  Qmimisinon. 
Provincia  de  Cordoba.      Islas  de  Tenerife,   Ibiza,  Formentera. 

Provincia  di  Oviedo.     Tomo  VIII.     Provincia  de  Granada. 

Hundimientos  en  la  Cuenca  de  Tremp.     £1  Marmol  de  los 

Pireneos.    1881.    2.  Guadaljara,  Islas  de  Luzon  y  Cuba.     1881. 
'Manchester. — Transactions  of  the  Manchester  Geological  Society.     Vol. 

XVI.     1880-81.— From  the  Society. 
Literary  and  Philosophical  Society.     Memoirs,  3rd  Series,  Vol. 

VI.,  1879.     Proceedings,  Vols.  XVI.-XIX.     1877-80. 
^arseilUe. — Bulletin  de  la  Soci^t^  Scientifique  Industrielle.     Tomes  I., 

II.,   III.,   IV.,    v.,    VL,   VII.,    VIII.      1872-80.— From  the 

Society. 
^.Uan. — Reale  Istituto  di  Scienze  e  Lettere.    Memorie  :  Classe  di  Lettere 

e  Scienze  Morali  e  Politiche.    VoL  XIII.,  Fasc.  5,  1880.     Vol. 

XIV.,  Fasc   1,  2.     1880-81.      4to.      Rendiconti      VoL  XII. 

1879.— From  the  InstituU. 
Atti  della  Society  Italiana  di  Scienze  NaturalL    VoL  XXII.,  1879- 

80,     VoL  XXIII.,  1880.     8vo.— From  the  Society. 
Publicazioni  del  Reale  Osservatorio  di  Brera  in  Milano.     VII., 

Pt.  1.  Osservazioni .  di  Stelle  Cadenti.     1868-70.      XV.  SulF 

Umidit^  Atmospherica  nel  Clima  di  Milano.    Risultati  di  35 

Anni  di  Osservazioni,  (1845-79)  calcolati  da  G.  V.  Schiaparelli 

XIX.    Determinazione  della  Latitudine  di  Brera  e  di  Parma. 

1881.    4to.     XX.  Osservationi  Meteorologiche  Orarie  durante 

Panno  1880,  Da  Celso  Fornioni  1882.     aXL  Determinazione 

della  Differenza  di  Longitudine  del  Campidoglio  in  Roma  et  di 

Brera.     1881.     4to. — From  the  Observatory. 
Atti  della  Society  Crittogamologica  Italiana.     VoL  III.,  Disp.  1. 

1881.     8vo.— From  the  Society, 
lodena. — Memorie  della  Regia  Accademia  di  Scienze  Lettere  ed  ArtL 

Tom.  XIX.,  XX.     1879-82.     4to.— From  ihe  Academy. 
Aniiuario  della  Society  dei  NaturalistL    Anno  XIV.  (1880-81), 

Disp.  4. — From  the  Society. 
lotUpellier. — Academic  des  Sciences  et  Lettres  de  Montpellier  :  Mdmoires 

de  la  Section  des  Sciences.    Tome  IX.,  Fasc.  3, 1879.    Tome  X., 

Fasc.  1, 1881.— Section  des  Lettres.    Tome  VI.,  Fasc.  4, 1878-79. 

— Section  de  M^decine.    Tome  V.  1877-79. — From  Academy. 
Moscow. — Annales  de    PObservatoire  de  Moscou.     VoL  VII.,  Livr.  1. 

Recherches  sur  les  Queues  des  Com^tes,  par  Th.  Bredichin.  2. 

Sur  le  Coefficient  thermom^trique  de  la  Refraction.    Par  A. 

Socoloif.    3.  Observations  de  Jupiter  en  1879.    Par  J.  Kortazzi. 

Parallaxes    de  quelques   Etoiles.      Par  G.  Schweizer. — From 

the  Observaiory. 
Bulletin  de  la  Soci^t^  Imp^riale  des  Naturalistes  de  Moscou.    Nos. 

1,  2.     Annies  1880-81.     8vo.— From  the  Society. 
Nouveauz  Mdmoires  de  la  Society  Imp^riale  des  Naturalistes  de 

Moscou.    Tome  XIV.,  Livr.  2. 
Bulletins  de  la  Soci^t^  Imp^riale  des  Amis  d'Histoire  Naturelle, 

d'Anthropologie,  et  d'Ethnographie.    Tomes  XXVI. ,  Livr.  2,  3, 

1880.     XXXII.,  Livr.    2,   1880.      XXXIII.,    Livr.   1,    1880. 

XXXIV.    Livr.    2,    1882.      XXXV.,    Livr.    3,    4,   1880-82. 

XXXVIL,  Na  2, 1880;  LiVr.  1,  2,  188L    XXXVIIL^  U^.^^ 
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1880.    XXXIX.,  Livr.  1, 1880.    XLI.,  Livr.  1,  1881.    XLIL, 
1881. — From  the  Society. 
Munich. — Abhandlongen  der  k.  Bayerisclien  Akademie  der  Wissensdiaften 
Mathematisch-Physikalische  Classe,    Bde.  XIII.,  AbtheiL    3, 
1880.     Bd.   XlV.,   1880.— Philosophisch-Philologische  Classe, 
Bd.  XV.,   !•  AbtheiL,   1880.     Bd.  XVI.,   1  and  2«  AbtheiL, 
1881-82.— Hifltorische  Classe,  Bd.  XV.,  AbtheiL  1,  2,  3,  1880. 
Bd.  XVL,  1881. 
Sitzungsberichte  der  Mathematisch-Physikalischen  Classe  der  L 
B.  AKademie  der  Wissenschaften.   1881-82. — Der  Philosophisch- 
PhiloL  und  Historischen  Classe,  1881-82.     Bd.  I.,  Hefte  4,  5, 
1880.     Bd.  II.,  Hefte  1  to  6,  1881. 
Das  Haus  Wittdsbach  und  seine  Bedeutung  in  der  Deutschen 

Geschichte,  von  J.  v.  Dollinger.     1880.     4to. 
Die  Pflege  der  Geschichte  durdi  die  Wittekbacher.     Verfasst  von 

Dr.  Ludwig  Rockinser.    4to. 
Ueber  dem  Qeologiscnen  Bau  der  Libyschen  Wiiste.     Festrede 

von  Dr.  Karl  A.  ZitteL     1880.    4to. 
Ignatius  von  Loyola  an  der  Bomischen  Curie.     Festrede  vob 

August  von  Druflfel.     1879.     4to. 
Catalogus  Codicum  Latinorum  Bibliothecas  R^^ise  Monacenffl& 
Tomi  IL,  Pars  IV.     1881.    8vo.— ^rom  the  Academy. 
Naples. — ^Atti  della  R.  Accademia  delle  Scienze  Fisiche  e  Matematiche. 
Vols.  VII.,  VIII.     1878-79.    4to. 
Rendiconti  della  R.  Accademia.     Anni  XV.-XVIII.     1876-79. 

4to. — From  the  Academy. 
Mittheilungen  aus  der  Zoologischen  Station  zu  Neapel,  Bde.  11.- 
III.     1880-82.    8vo.— JPVom  the  Station, 
Neuchatel. — Bulletin  de  la  Soci^t^  des  Sciences  Naturelles  de  NeuchateL 

Tome  XII.,  Cahiers  1,  2,  a     1880-82.— ^rom  the  Society. 
New  York. — Bulletin  of  the  American  Museum  of  Natural  History.    Nos. 

1,  2,  3.     1882.    8vo.— jPVom  the  Museum. 
Nijm>egen. — Nederlandsch  Kruidkundig  Archief. — Verslagen  en  Mede- 
deelingen  der  Nederlandsche  Botanische  Vereeniging.     2*  Seiie, 
3«  Deel,  3«,  4«  Stuk.     1881.— jPVom  the  Society. 
Norwich. — Transactions  of  the  Norfolk  and  Norwich  Naturalists'  Society, 

for  1880-82.     VoL  III.,  Pts.  2,  3.— ^rom  the  Society. 
ObcrpfaJz  und  Beqenshurg. — Verhandlungen  des  historischen  Vereinea. 
Bde.  XXXIV.  to  XXXVI.     1879-80.    8vo.— J?'fom  the  Socie^. 
Oxford. — Results  of  Astronomical  Observations  at  tiie  RadcUffe  Observa- 
toiT  in  1876-79.    VoL  XXXVII.    8vo.— ^Vow  th€  Obtervatory. 
Palermo. — Hortus  Botanicus  Panoimitanus,  Auctore  Augastino  Todaro, 
Directors    Tom.  II.,  Fasc.  3.     1882.    FoL— From  ths  Director. 
Paris. — Comptes  Rendus  des  Sdances  de  FAcaddmie  des  Sciences.    Sq)i 
1880  to  Dec.  1882.    4to. 
Oeuvres  completes  d'Augustin  Cauchy,  pubHces  sons  la  direction 

scientifique  de  FAcademie  des  Sciences.    1**  S^.    Tome  I. 
Comptes  Rendus  de  TAcad^mie  des  Inscriptiona  et  BeUes-Lettres. 

1881-82. 
M^moires  de  I'Acad^mie  des  Inscriptions  et  Belles-Lettres.    Tomes 

XXIX«.,  XXX«.     1879-81.— jPVom  the  Acaderndsi. 
Annales  de  TEcole  Normale  Supdrieure.    Tome  XL     1888. 
Annales  des  Mines.     Tomes  XVIIL,  XIX.,  XX.    1880-81.    8^ 

Serie.    Tome  I.     1882.— JPVom  the  French  ChmnmmL 
Bulletins  des  Stances  de  la  Soddtd  Nationale  d'Agnoiltove  de 

France.     1880-82.    8vo.— From  the  Soeie^. 
Bulletin  Hebdomadaire  de  FAssociation  Scieatifiqiw  di  Fubol 
'J^0ft.^^\4R.    J\vill<&t  1881.— i?V«m  1*«   ' 
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irw.— Bulletina  de  la  Soci^td  de  G^ographie.    Jiiillet  1880  to  Octobre 
1881-82.    Comptes  Rendus,  1882.— From  the  Society. 

Soci^t^  G^ologique  de  France.— Bulletins.  2«  Serie,  Tomes  V.- 
XII.  Tomes  XIV.-XVIII.  Tomes  XX.-XXIX.  ^  S^rie. 
Tomes  I.-X.  1847-1882.— M^moires,  3«  S^rie.  Tomes  l.-II. 
1887-82.— i?Vom  the  Society. 

Annales  Hydrographiques.     1881-82. — From  French  GovemmetU, 

Annales  de  TObservatoire  de  Paris.  Observations,  les  Tomes  pour 
1870-78.     4to.— Memoires,  Tomes  XVI.     1882.     4to. 

Rapport  Annuel  sur  I'i^tat  de  TObservatoire  de  Paris  par  M.  le 
Contre-amiral  Mouchez  pour  TAnn^e,  1880.— From  Oheervalory, 

Journal  de  VEcole  Polytechnique.  Tome  XXVIII.,  1879  ;  XXIX. 
1880  ;  XXXI.,  1881.— From  the  School. 

Bulletins  de  la  Soci^tt^  Mathematique  de  France.  Tomes  IX.,  X. 
1880-82.     8vo.  —From  the  Society. 

Les  Mondes.  Revue  Hebdomadaire  des  Sciences.  Par  M.  TAbbd 
Moigno.     Tome  LV.,  Nos.  7,  8,  9,  10.     1881. 

Museum  d'Histoire  Naturelle.  Rapports  Annuels  de  MM.  les 
Professeurs  et  Chefs  de  Service.     1879-80.— From  the  Museum. 

Nouvelles  Archives  du  Musdum  d'Histoire  Naturelle.  2™*  S^rie. — 
Tome  III.,  1«  Fasc.  :6tude  sur  la  Faune  Ichthyologi^ue  de 
rOgoou6.  Par  H.  E.  Sauvage,  Revision  des  Garidees  du 
Museum  d'Histoire  Naturelle.  ParM.  Victor Bertin. — Recherches 
sur  les  Ecureils  Africains.  ParM.  Huet  1880.  4to.— 2«»»«  Fasc. 
Rdch^rches  d'Ost^ologie  compar^e  sur  une  Race  de  Bceufs  en 
Senegambie.  Par  le  Dr.  Rochebrune.  1880.  Recherches  sur  la 
Maturation  de  quelques  Plantes  Herbac^es.  Par  M.  M.  Dehc^rain 
et  K  Br^l.  Quelques  Remarques  au  sujet  des  Plaqueminiers. 
Par  Ch.  Naudin.  Recherches  Stratigraphioues  et  ral^ontolo- 
giques  sur  les  Tables  marins  de  Pierrefitte.  Par  M.  M.  Meunier 
et  Lambert.  Revision  des  Ophidiens  Fossiles.  Par  le  Dr. 
Rochebrune. — Observations  de  Temperature  pendant  les  Annies 
M^t^orologiques  1878-79.  Par  MM.  E.  et  H.  Becquerel.  4to.— 
Tome  IV.,  1*"  Fasc  De  I'Anatomie  des  Tissus  appliquee  k  la 
Classification  des  Plantes.  Par  M.  JuUen  Vesque. — llevision  des 
Donaciddes  du  Museum  d'Histoire  Naturelle.  Par  M.  Victor 
Bertin. — Recherches  sur  la  Faune  Ichthyolopque  de  TAsie  et 
Description  d'Esp^ces  Nouvelles  de  I'lndo-Chme.  Par  M.  H.  E. 
Sauvage.  4to. — Revision  des  Cl^matites  du  Qroupe  des  Tubu- 
leuses.  Par  M.  J.  Decaisne. — Flore  des  Isles  du  Cap- Vert.  Par 
M.  de  Rochebrune. — Documents  Anthropologiques  recueillis  en 
Cafrerie.  Par  M.  E.  T.  Hamy.— Observations  faites  pendant 
1879-80,  avec  les  Thermomfetres  ]6lectriques.  Par  MM.  E.  et  H. 
Becquerel.— From  the  Museum. 

Journal  de  TEcolfe  Polytechnique.  Tome  XXIX.  Paris,  1880. 
4to. 

Publications  du  Ddpot  de  la  Marine,  1881, 1882. 
Philadelphia. — Proceedings  of  the  American  Philosophical  Society  for 
Promoting  Useful  Knowledge.     Nos.  106-109.     1880-81.    8vo. 
—Transactions.     New  Series,  VoL  XV.,  Pt.  3.    1881.— From  the 
Society. 

Proceedings  of  the  Academy  of  Natural  Sciences  for  1880-81. — 
From  the  Academy. 

Journal  of  the  Academy  of  Natural  Sciences.    VoL  VIIL,  Pt  4. 
1874-81.    4to. 
>Ma.— II  Nuovo  Cimento.    3«  Serie.    Tom.  VIIL,  1880-81.    Tom.  IX., 
1881.— From  the  Editor 
VOL.  XI.  4  u 
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PouUtovcL — Libroram  in  Bibliotheca  Speculse  Pulcovenais  cententonuu 
Catalogas  Systematiciu     Pan  2<i*.    1880.    8vo. 
Nicoki-HauptBtemwarte.  Jahiesbericht  far  1878-79  imd  1879-81. 

8vo. 
Observatioiis  de  Poulkova,  public  par  Otto  Struve.     Vol.  XL 
1879.     FoL— From  the  Observatory. 

Prag^ie, — ^Astronomische,  Magnetische,  and  Meteorologische  Beobach- 
tongen  an  der  K.  K.  Stemwarte  zu  Prag,  in  1881. — From  the 
Observatory, 

Qti^bec. — Transactions  of  the  Literary  and  Historical  Society  of  Quebec. 
Sessions  of  1880-81,  1881-88.    8vo.— From  the  Society. 

Bhfimkmd    cmd     WedvhaUeL — Yerhandlungen    des    Naturhistoiischei) 
8vo. — From  the  Society. 
Vereines  der  preossischen  Rheinlande  u.  Westfalens.     1880-81. 

Rio  de  Janeiro. — Bulletin  Astronomiqne  et  Met^orologiqne  de  rObsenra- 
toire  Imperiale.     Noa.  1-6,  1881  ;  Nos.  1-9,  1882.     4to. 
Instruc^des  para  observar  a  Passagem  de  Venus  pelo  disco  do  Sol 
em  5-6  Dezembro  de  1882.     1882.    4to.— l^Vom  the  Observatory. 

llome.  — Atti  della  R.  Accademia  del  LinceL  Transunti,  Vols.  V.,  VI. 
1881-82. 
Memorie.  Classe  di  Scienze  Fis.,  Mat,  e  Nat  Serie  XL  Vols.  V., 
VL,VII.  1880.  Serie  III.  Vola  VL,  VII.,  VIII.  1881-81- 
Classe  di  Scienze  Morali,  Storiche  e  Philol.  Vols.  IV.,  V.,  VI. 
1881-82. 
Oaservazioni  astronomiche  e  fiaiche  del  Pianeta  liarte  di  6.  V. 

SchiaparellL     1881.    8yo. — From  the  Academy  Dei  Lmcei. 
Memorie  della  Society  degli  Spettroscopisti  Italiani     Vols.  IX., 
X.,  XL     1880-81-82.    8vo.— -From  the  Society. 

Roorkee. — Roorkee  Hydraulic  Experiments.  By  Capt  Allan  Cunningham, 
RR  VoL  I.,  Text  VoL  IL,  Tables.  Vol  IIL,  Plates. 
1880-81. 

Shanghai. — Journal  of  the  North  China  Branch  of  the  Ro3ral  Asiatic 
SocieW.    New  Series.    Vols.  XV.,  XVL     1880-82. 

SavKt  Louis. — Contributions  to  the  Archaeolc^  of  Missouri,  hj  the 
Archssological  Section  of  the  St  Louis  Academy  of  Science. 
Part  1,  Pottery.     1880.    4to. 
Transactions  of  the  Academy  ci  Science.    Vol.  IV.  No.  2.    1882. 
8Ta — From  ihs  Acadtmy. 

St.  J'etersburg. — Bulletins  de  TAcad^mie  Impdriale  des  Sciences  de  St 
P^tersbourff.  Tomes  XXVIL,  1881  ;  XXVIII.,  1882. 
M^moires  de  rAcad^ie  Imperials  des  Sciences : — Tome  XXVIL, 
No.  5.  Die  Foraminifem  des  Russischen  Kohlenkalks.  Von 
VaL  T.  Moller.  1879.  4ta  Na  6.  Studien  iiber  die  Spongien 
des  Russischen  Reiches,  mit  besonderer  Beriicksichtigung  dei 
Spongien-Fauna  des  Baikal-Sees.  Von  t)r.  W.  Dybows^  1880. 
4to.  No.  7.  Der  erste  Fund  einer  Leiche  von  Rhinoceros 
Merckii.  Von  Dr.  Leop.  v.  Schrenck.  Na  8.  Pflanzen- 
Gkographische  Betrachtungen  iiber  die  Familie  der  Cbcno- 
podiaceen.  Von  Al  Bunjs^e.  1880.  4ta  No.  9.  Ueber  den 
anomalen  Canalis  Basilans  Medianus  des  Os  Ocdpitale  beim 
Menschen.  Von  Dr.  Wenzel  Gruber.  No.  10.  Nachtrage 
zur  Jura-Flora  Sibiriens.  Von  Dr.  Oswald  Heer.  Na  11. 
il^tudes  sur  le  Mouvement  Relatif  dee  deux  Etoilfls  dn  Systtoe 
de  61  CygnL  Par  O.  Strnve.  188a  4ta  Na  IS.  Sin  Cyclus 
Fimdamentaler  Baromet|ischer  HohenbeBlimani]i0en  anf  dem 
Armenischen  Hochlande  Von  H.  Abich.  Na  1&  Ueber  dk 
Entwickelungqgeschichte  der  KaimUafcter,  uul  d»  WoUTadieD 
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Oanges  in  HuhnereL  Von  J.  Dansky  und  J.  Kostenitsch.  1880. 
No.  14.  Die  Spermatogenese  bei  den  ^ugethieren.  Von  £. 
Meyer.  1880.— Tome  XXVIIL,  No.  1.  Uber  daa  Bonpo-Sutra. 
Von  A.  Schiefner.  4to.  No.  3.  Theori  der  Magnetischen 
Dampfer.  Von  O.  Chwolson.  1880.  No.  4.  Untereuchungen 
iiber  die  Pflanzenathmung.  Von  J.  Borodin.  1^  Abh.  1881. 
No.  5.  Die  Jnra-Ablagerungen  an  der  oberen  Wolga.  Von  S. 
Nikitin.  1881.  No.  6.  Zur  Theorie  der  Enke^achen  Cometen. 
Von  0.  Bachlund.  1881.  No.  7.  Die  Handbiicber  des  Geiflt- 
lichen  Rechts  aus  der  Zeiten  dee  Byzantiniscben  Reiches  nnd 
der  Tiirkiflcben  Herrscbaft  Von  E.  Z.  von  LingentbaL  1881. 
No.  8.  Studien  iiber  die  Fossilen  ReptiHen  Ruaalands.  Von 
W.  Kiprijanoff.  1  Tb.  Icbtbyosaurus  Konig.  1881.  4to.  No. 
9.  Anatomie  des  Dannkanals.  Von  A.  Tarenetzky.  1881. 
4to.— Tome  XXIX.,  No.  1.  Einblikke  in  das  Ferghana-Tbal 
Von.  A.  von  Middendorflf.  No.  2.  Neue  Integrations- Wege.  Von 
Prof.  P.  Helmling.  1881.  No.  3.  De  Coriaria,  Ilice,  et  Mono- 
chasmate,  Bungea  et  Cymbaria.  1881.  No.  4.  Ueber  die 
thermiscbe  Ausdebnung  des  Meerwassers.  Von  K  Lenz.  1881. 
— Tome  XXX,  No.  1.  Revision  der  Ostbaltiscben  Silurischen 
Trilobiten,  nebst  Uebersicbt  des  Ostbaltiscben  Siluigebiets.  Von 
F.  Scbmidt  1881.  No.  2.  Sur  TOxyde  de  Sodium  Anbydre. 
Par  N.  Beketoff.  1882.  No.  3.  Das  Magnetiscbe  Ungewitter 
von  30  Jan.  bis  1  Feb.  1881.  Von  H.  Wild.  4to.  No.  6. 
Wanderblocke  und  Diluvialgebilde  Russlands.  Von  G.  von 
Helmersen.  1882.  4to. 
PiUrshurg. — Tableau  Gdn^l  AIphab^tic[ue  des  Mati^res  contenues 
dans  les  Publications  de  I'Acad^mie  Imperiale  des  Sciences  de 
St.  P(!*ter8bourg.  Supplement  1.  Publications  depuis  1871, 
jusqu'^  Novemoer,  1881.     1882.     8vo. — From  Academy. 

Comptes-Rendus  de  la  Commission  Imperiale  Arcb^ologique  ^ur 
PAnn^e.     1880.    4to.,  avec  Atlas,  folio. — From  the  CoTnmission, 

Journal  Russkago  Pbisico-Cbimicbeskago  Obtscbestva.  Tom. 
XIII.,  XIV.     1881-82.    &Y0.— From  the  Society. 

Bulletin  de  la  Commission  Polaire  Internationale.  Hfte,  1,  2,  3. 
1881-82.     FoL— -From  the  Commisnon. 

Annalen  des  PbysicaUscben  Central-Observatoriums.  Jabrg. 
1878-81. 

Repertorium  fiir  Meteorologie,  berausgegeben  von  der  KaiserHcben 
Akademie  der  Wissenscbaften.  Bd.  VII.,  Heftet  1,  2.  1880. 
4to. 

Die  Temperatur-Verbaltmisse  des  Russiscben   Reicbes,  von  H. 
Wild,  Supplementband  zum  Repertorium  fur  Meteorologie  imd 
Atlas.     1881.    Fol. — From  the  GentrcU  Observatory, 
lem. — Essex  Institute  Historical    Collections.     Vols.    XVI.-XVIII. 
188CV-82. 

Bulletin  of  tbe  Essex  Institute.    Vols.  XI.-XIII. — From  Institute, 
idcholm, — Astronomiska  Jakttagelser.    Bd.  1-5.     1878-81.     8vo. 

Ofversigt  af  Kong.  Vetenskaps  Akademien  Forhandlingar.  Bd. 
XXXIV.,  1877  ;  XXXV.,  1878 ;  XXXVI.,  1879 ;  XXXVII., 
1880.     8vo. 

Handlingar.  Ny  Foljd.  Bd.  XIV.,  2,  1876  ;  XV.,  1877  ;  XVI., 
1878  ;  XVII.,  1879. 

Bihang  till  Kong.  Svenska  Vetenskaps- Akademiens  Handlingar. 
Bd.  IV.,  1,  2,  1875-76  ;  Bd.  V.,  1,  2,  1877-78.    8vo. 

Minnesteckmngar  ofv^  Carlander,  Hallenbeig,  Carl  von  Linn^, 
Bjerkeni  dundeval.  Angstrom. — From  the  Academy 


864  Proceedings  of  the  Royal  Society 

Stuttgart. — Jahreshefte  dee  Vereins  fiir  vaterlandische  Naturkunde  it 

Wurttemberg,  37*^  Jahrg.  1881,  38«'  Jahro.  1882. 
Switzerland. — Nouveaux  M^moires  de  la  Soci^t^  Helvdtique  des  Science 

Naturelles.    Band  XX VIII.,  Liv.  1.    1881.    4to.— FrvmSociftj 
Europaiflche  Gradmessune.    Das  Schweizerische  Dreiecknetz,  her 

ausgegeben  von  der  Scnweizerischen  Geodiitischen  ConimissioB 

Bd.  1.     Zurich.     4to. — From  the  Coinmiesimi. 
Verhandlungen  der    Schweizerischen   Naturfonjcliendeu   Gesell 

schaft,  1879-80,  1880-81.     Syo.— From  the  Society. 
Sydney. — The  Proceedings  of  the  Linnean  Society  of  New  South  Wale 

Vols.  I.- VII.,  Parts  1,  2.     1876-1882.— Frowi  the  Society. 
Transactions  and  Proceedings  of  the  Royal  Society  of  New  Soutl 

Wales.     Vols.  XIII.,  XIV.     1879-81.     8vo.— /rom  the  Society. 
Annual  Reports  of  the  Department  of  Mines  for  1878,  1879,  wit! 

Maps.     1879.     4to. 
Australian   Museum.     Catalogue  of  the  Australian  Stalk-  an( 

Sessile-Eyed  Crustacea.     By  William  A.  Haswell,  M.A.    Syd 

nev,  1882.     8vo. — From  the  Museum. 
Toronto. — The   Canadian   Journal  and   Proceedings  of   the   CanaJiai 

Institute.     New  Series.     VoL  I.,  Parts  1,  2.     1880.— From  tk 

Institute. 
Trieste, — Bolletino  della  Society  Adriatica  di  Scienze  NaturalL    Vol  VI. 

1881  ;  Vol.  VII.,  1882.— From  the  Society. 
TrowMo.— Tromsb  Museum  Aarshefter.     Nos.  3,  4.     1880-81.- -Fn)»^A< 

Museum. 
rwrin.— Memorie  della  Reale  Accademia  delle  Scienze  di  Torino.    Serie 

Seconda.  Tom.  XXXII.,  1880.    4to.    XXXIII.,  1881.    Omit(>- 

logia  della  Papuasia  e  delle  Molucche,  di  Tommaso  Salvadori 

4to. 
Atti  della  R.  Accademia  delle  Scienze   di  Torino.    VoL  XV. 

1879-80  ;  Vol.  XVI.,  Disp.  6,  7.— From  the  Academy. 
Bolletino  dell*  Osservatorio  della  Regia   University  di  Torino. 

Anni  XIV.,  XV.,  XVI.     1879-1881.— Frtxm  the  Univerntv. 
Effemeridi  del  Sole,  della  Luna,  e  dei  Principali  Pianeti  per  I'anno 

1882,  del  Prof.  Angelo  Charrier.     Torino,  1880.    8vo. 
United  States,  Salem. — Proceedings  of  the  American  Association  for  the 

Advancement  of  Science,  28th  Meeting,  held  at  Boston,  Am^ 

1880.     8vo. — From  the  Association. 
Upsala. — Bulletin  M^t^orolomque  Mensuel  de  J'Observatoire  de  FUnivff- 

8it6  d'Upsal.   VoL  VIII.,  Annee  1876;  Vols.  XL,  XIL,  Annetf 

1879,  1880,  1881.     4to.— From  the  Observatory. 

Nova  Acta  Regiae  Societatis  Scientiarum  Upttdiensis.    Ser.  3*. 

VoL  X.,  1879  ;  VoL  XL,  Fasc  1,  1881.— .FVow  the  Society. 
Utrecht. — Verslag  van  het  Verhandelde  in  de  Provinciaal  [Jt«cht*J» 

Genootschap  van  Kunsten  en  Wetenschappen,  1879, 1880, 188L 
Aanteekeningen  van   het  Provinciaal   Utrechtsch  Genootsch^ 

1879-82.— From  the  Society. 
Het  Klooster  te  Windesheim.     Door  J.  O.  R  Aoquoy,  3»  D«L 

1880.  8vo. 

De  Polybii  Fontibus  et  Auctoritate  Dissertatia    Scripnt  J.  M.  J- 

Valeton.     1879.     8vo. 
Het  Leven  en  de  Verdiensten  van  Petrus  Camper.    Door  C.  R 

Daniels,  Med.  Doct 
Het  Leven  van  M.  Nicolaas  C.  Witzen.     1641-1717.    Door  J.  F. 

Gebhard.     2  vols.,  1881.    8vo. 
De  ^^erlandsche  Scheikiindigen  van  het  laatst  der  vorige  foa^* 

Doot  \>t.  N  «xi  ^^\  ^<OT\  van  den  Boa.    188L    4to. 
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Utrecht, — Commeutatio  de  Ajacis  Sophoclei    Authentia    et   Iiitegritate. 

Scripsit  J.  van  Leeuwen.     1881.     8vo. 
Geschiedenis  van  de  Kerspelkirk  van  St.  Jacob  te  Utrecht     Door 

M.  Th.  H.  F.  van  Rienisdijk.     1882.     FoL 
Venice. — Atti  del  Reale  Istituto  Veneto  di  Scienze,  Lettere  ed  Arti. 

Tomo  4to  1877-78 ;  Tomo  6*°,  Disp.  1-10,  1878-79 ;  Tomo  VI., 

Disp.  1-10,  1879-80;  Tomo  VII.,  Disp.  1-9,  1880-81.--i?Vom 

(he  InstittUe. 
Monographia  Stratigraphica  e  Palaeontologica  del  Lias  nelle  Pro- 

vincie  Venete,  del  Professor  Torquato  TaramellL    Venezia,  1880. 

Fol. 
Victoria. — Transactions  and  Proceedings  of  the  Royal  Society  of  Victoria. 

Vols.  XVII.,  XVIII.     1881-82.— i^rom  the  Society. 
Statistical  Register  and  Australian  Statistics  for  the  years  1879-80, 

1880-81,  with  a  Report  by  the  Government  Statist. 
Victorian  Year-book   for  1879-80.     8vo. — From  the    Victorian. 

Oovemment, 
Vienna. — Denkschrifben  der  K.  Akademie  der  Wissenschaften.     Math.- 

Naturwissenschaftliche  Classe.    Bd.  II.,  Lief.  1,  2,  3,  1849-50 ; 

Bd.  III.,  Lief.  1,  2,  3,  1850;  Bd.  IV.,  Lief.  1,  2,  1851 ;  Bd.  V., 

Lief  1,  2,  mit  Tafeln,  1851-52  ;   Bd.  XV.,  1857 ;  Bd.  XVL, 

1857-58;  Bd.  XL.,  Bd.  XLL,  Bd.  XLIL,  1880;  Bd.  XLIIL, 

1881 ;  Bd.  XLIV.,  1882.— Philosophisch-historische  Classe.    Bd. 

IL,  Lief  1,  2,  1849;  Bd.  IIL,  1868-51;  Bd.  IV.,  1851  ;   Bd. 

v.,  1852-53 ;  Bd.  XXL,  1871-72 ;  Bd.  XXX.,  1879 ;  Bd.  XXXL, 

1881 ;  Bd.  XXXIIL,  1882. 
Sitzungsberichte  der  Mathemat-Naturwisseuschaftlichen  Classe. 

1^  AbtheU.     Bde.  LXXIX.-LXXXV.,  1879-80 ;   2*«  Abtheil, 

Bde.'  LXXXL-LXXXIV.,  1880-82 ;  3**  Abtheil.    Bd.  LXXX.- 

LXXXIV.,     1880-82.— Philosoph.-Historische    Classe.       Bde. 

XCIV.-XCIX,,  1879-82. 
Almanach  der  K.  Akademie  der  Wissenschaften  fiir  1880. — From 

the  Academy. 
Zeitschrift  der   Oest<3rreichischen  Gesellschaft  fiir  Meteorologie. 

Bd-  XIV.     September  1880-82.-  From  the  Society. 
Jahrbiicher   der   K.    K.   Central   Anstalt  fiir  Meteorologie  und 

EKlmagnetisraus,  Jahrg.,  Neue  Folge;  Bde.  XV.,  XVL,  XVII. 

1878-1881.     4to.— From  the  Institute. 
Verhandlungen  der  K.  K.  Geologischen  Reichsanstalt.     1879-82. 
Abhandlungen  der  K.  K.  Geologischen  Reichsanstalt.    1880-82. 

4to. 
Die  Gkwteropoden  der  Meeres-Ablagerungen  der  ersten  und  zweiten 

Miocanen  Mediterran-Stufe  in  der  Osterreichisch-Ungarischen 

Monarchic,  von  R,  Hoemes  und  M.  Auinger.     1880.    FoL 
Neue  und  wenig  bekannte  Conchylien  aus  dem  Ostgalizischeu 

Miociin  von  Dr.  V.  Hilber.     1882.     Fol. 
Die  Cephalopoden  der  Mediterranen  Triasprovinz.     Von  Dr.  E. 

Mojsisovics  von  Mojsvar.     1882.     Fol. 
Jahrbiicher  der  K.  K.  Geologischen  Anstalt.     Jahrg.  1880 ;  Bd. 

XXXL,  1881 ;  Bd.  XXXII.,  1882.— i^rom  the  InjitituU. 
Verhandlungen  der  K.  K.  Zoologisch-Botanischen  Gesellschaft. 

Bd.  XXX.     1881-82.— From  the  Society. 
Warwick. — Proceedings  of  the  Warwickshire  and  Archaeologists'  Field 

aub.     1879-81.     8vo. 
Washington, — Bureau  of  Navigation,  Navy  Department,  Astronomical 

Papers.     VoL  I.,  Part  I.     Table  of  Eclipses,  1879.     Part  II. 

Transformation  of  Hansen's  Lunar  Theorv.     1880.    4to.     Part 
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ni.  Velocity  of  Light  1880.  4to.  Part  V.  On 
Gauss's  Method  of  Computing  Secular  Perturbations.  188L 
4to. 
Wcuhington. — United  States  Naval  Oheenratory. — Washington  Observa- 
tions for  1876,  Appendix  III.  Reports  on  the  Total  Solar 
Eclipse  of  July  29,  1878,  and  January  11, 1880.  4to.— United 
States  Coast  Survey.  Vols,  for  1868  and  1877.  4to.— Observa- 
tions of  Double  Stars  made  at  the  United  States  Naval  Observa- 
tory. Bv  Asaph  HalL  1881.  4to. — ^Astronomical  and  Meteoro- 
logical Observations  made  during  the  years  1876  and  1877. 
Vols.  XXIII.,  XXIV.    4to. 

Signal  Service  Ofl&ce — ^War  Department — Report  of  the  Chief 
Signal  Officer,  General  W.  B.  Hazen,  for  1879.     8vo. 

Professional  Papers  of  the  Signal  Service : — No.  1.  Total  Eclipse 
of  the  Sun,  July  1878.  4to. — No.  2.  Isothermal  Lines  of  the 
United  States,  1871-80.  4to.— No.  a  Chronological  List  of 
Auroras,  1870-79.— No.  4.  Tornadoes  of  May  29  and  30, 1879. 
— No.  6.  Construction  and  Maintenance  of  Time-Balls. — No.  6. 
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On  the  Speed  and  Carrying  of  Screw  Steamers.      Greenock, 


1882.     8vo. 
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Quccia  (M.  J.)  de  Palerme.    Sur  une  Classe  de  Surfaces  repr&entablea, 
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Oppelt  (Gustave).    Navigation  Adrienne,  par  les  Ballons.    Bruxelles, 

1882.  8vo. 

Pettersen  (Karl).     Lofoten  og  Vesteraalen.     1880.     8vo. 

Ponton  (Mungo),  W.S.,  F.ILS.E.    The  Beginning  :  Its  When  and  How. 

Loud.  1871.     8vo. 
Glimpses  of  the  Future  Life,  with  an  Appendix  on  the  Probable 

Law  of  Increase  of  the  Human  Race.     Lond.  1873.     8vo. 
Songs  of  the  Soul :  Philosophical,  Moral,  and  Devotional,  2nd 

edition.     Bristol,  1877.     8vo. 

The  Freedom  of  the  Truth.     London.    8vo. 

Instructive   Rhymes  of    Olden    Times.      Bristol     8vo. — Frtm, 


Mrs.  Ponton. 

Phlogaitis  (Th.  N.).  $Xoyams(0€o8<o/)osN.)  Ey;^€ipt3tov  Svn'ay/LiartKov 
Aucaiov.     AOrjvTja-L,  1879.     8vo. 

Pole  (WilUam),  F.R.S.E.,  LL.D.  A  Study  of  the  Problem  of  Aerial 
Navigation  as  affected  by  recent  Mechanical  Improvements.  Lon- 
don, 1882.     8vo. 

Price  (John),  Mem.  Inst.  M.E.  On  Iron  and  Steel  as  Constructive 
Materials  for  Ships.     Lond.  1881.    8va 


870        Proeeedinffs  of  the  Bayal  Society  of  EdinhuiyJu 

Raade  <T.  Mellaid).    The  Glaeud  Beds  of  the  ayde  and  Forth.    168a 

8va 
RetauB  (Guftaf).    Das  Qehoromn  der  Wirbelthiere,  morphologisch- 

histologische  Studien.     I.  Das  Oehororgan  der  Fische  und  Am- 

phibien,  init  35  Taf.    Stockholm,  1881.    FoL 
Rutherford  (William),  Professor,  F.KS.K    An  Experimental  Research 

on  the  Physiological  Action  of  Drugs  on  the  Secretion  of  Bile. 

Edin.  1879.    4to. 
Sadler  (John).    The  Flowering  of  Yucca  gloriasa  in  the  Royal  Botanic 

Garden.    Edin.  1879.    4to. 
Report  of  the  Temperatures  during  the  Winter  of  1879-80  at  the 

Royal  Botanic  Garden,  Edinburgh,  and  the  Effects  of  the  same  on 

Open- Air  Vegetation.     1881.    Bva 
Saint  Lager  (Le  Dr.).    Nouvelles    Bemarques   sur    la   Nomenclatore 

Botanique.     Paris,  1881.     8vo. 
Scheffler  (Dr.  Hermann).    Die  Naturgesetze,  und  ihr  Zusammenhang 

mit    aen  Prinzipien   der  abstrakten  Wissenschaften.    4^    TheiL 

1881.    8vo. 

Das  Wesen  der  Elektrizitat  des  Galvanismus,  und  Magnetiamus. 


2«  supplement  zum  2~  Theile  der  Naturgesetie.    Leipz.  1882.    8vo. 
Slafter  (Rev.  R  F.).    History  and  Causes  of  the  Incorrect  Latitudes  as 

recorded  in  tiie  Journals  of  the  Early  Navigators  relating  to  the 

Atlantic  Coast  of  North  America,  1535-1740.    Boston,  1882.    8vo. 
Smith  (John  Alexander),  M.D.,  F.KS.K    Note  on  the  Horn  of  a 

Rhmoceros,  stated  to  have  been  found  in  a  Marl  Pit  in  Forfarshiie. 

4to. 
— —  Notes  on  Mediaeval  "  Kitchen  Middens,"  recently  discovered  in 

the  Monastery  and  the  Nunnery  on  the  Island  of  lona. 

Notice  of  the  Remains  of  the  Great  Auk,  or  Gare-Fowl  (Alea 


impennisj  Linn.),  found  in  Caithness ;  with  Notes  of  its  Occuirence 

in  Soothmd  and  of  its  Early  History.    4to. 

—  Additional  Notes  to  the  above  Notice  of  the  Remains  of  the 


Great  Auk.    4to. 

Smyth  (Professor  C.  Piazzi),  Astronomer-Royal  for  Scotland,  F.RS.E. 
Maaeira  Meteorologic.    Edinburgh,  1882.    4ta 

Madeira  Spectrosoopic :  being  a  Revision  of  21  Places  in  the  Bed 

Half  of  the  Solar  Visible  Spectrum,  with  a  Rutherfuid  DiffiEaction 
Grating.     Edinburgh,  1882.     4to. 

Stevenson  (Thomas^,  F.K.S.E.,  F.G.&,  Mem.  Inst  C.E.  Lighthouse  Con- 
struction and  Illumination.     1881.     8vo. 

Tilden  (WiUiam  A.).  Introduction  to  the  Study  of  Chemical  Philosophy. 
The  Principles  of  Theoretical  and  Systematic  Chemistry.  Sua  ed. 
London,  1880.     12mo. 

Tizaid  (Staff-Commander)  and  Murray  (John).  Exploration  of  the  Faroe 
Channel — See  Murray  (John). 

Tweeddale  (Arthur,  9th  Maiquis  of),  F.R.S.E.  The  Ornithological 
Works  of  Arthur,  9th  Marquis  of  Tweeddale.  Reprinted  from  the 
Originak  by  the  desire  of  his  Widow.  Edited  and  Revised  by  his 
Nephew,  R  G.  Wardlaw  Ramsay,  with  a  Biographical  Sketch  c^  the 
Author,  by  William  Howard  Russell,  LL.D.    London,  1881,    4to. 

Whipple  (G.  M.),  F.R.A.S.  On  the  Rate  at  which  Barometric  Changes 
traverse  the  British  Isles.     London,  1880.    8vo. 

Wulff  (Lu(lwig).  Ueber  die  scheinbare  Tetartoedrie  der  Alanne.  1880. 
8vo. 


INDEX. 


Absorption   of   Sea-Water,    by  John 

Aitken,  687. 
Adamantine  Carbon  or  Diamond :  Its 
Preparation,  by  Dr.  R.  S.  Marsden,20. 
Addresses : — 

Introductory    Address     (Session 
1880-81),  by  the  Right  Hon. 
Lord  Moncreiff,  186. 
Address  on  the  Island  of  Soootra, 
by  Professor  I.  Bayley  Balfour, 
245. 
Address  on  Closing  the  Session 
1880-81,     by    Sir    Alexander 
Grant,  Bart.,  298. 
Address  by  David  Milne  Home, 
on  presenting  the  Makdougall- 
Brisbane    Prize    to    Professor 
Piazzi     Smyth,      Astronomer- 
Royal  for  Scotland,  362. 
Address  on  the  Historic  Evidence 
for  the  Destruction  of  Pompeii 
and  Herculaneum,  by  Dr.  Caze- 
nove,  421. 
Address  by  Pj*ofessor  Tait,  on  pre- 
senting the  Keith  Prize  to  Pro- 
fessor Chrystal,  797. 
Address  by  Mr.  Buchan,  on  nre- 
senting  the  Neill  Prize  to  Mr. 
John  Murray,  797. 
Address  on  Closing  the  Session 
1881-82,   by  Professor   J.    H. 
Balfour,  843. 
Agassiz  (Professor  A.),  Report  on  the 
Echinoidea  of  the  Faroe  Channel, 
697. 
Aitchison  (Dr.  J.  E.  Tiemey)  elected 

a  Fellow  of  the  Society,  233. 
Aitken  (Dr.   A.    P.),   and   Hamilton 
(Prof.  D.  J. ),  Report  on  Loupiug-ill 
and  Brazy,  615. 
Aitken  (Jolm)   on    Dust,    Fogs,   and 
Clouds,  14,  122. 


Aitken  (J. )  on  the  Colour  of  the  Medi- 
terranean and  other  Waters,  472. 

on  the  Absorption  of  Sea- 
Water,  687. 

Algebra  of  Relationship,  by  Dr.  Alex- 
ander Macfarlane.  Part  IL,  5; 
Part  III.,  162. 

Ammonium  Salts,  their  Oondition 
when  dissolved  in  Water,  by  W.  W. 
J.  Niool,  819. 

Amcsboid  Movements,  by  John  B. 
Haycraft,  29. 

Ampelidecf  Socotreruetf  606. 

Ampeliaca  eampaUa,  l^ew  Spedea  of 
Crustacean,  688. 

Anaeardiaoea  Soeoirensei,  507. 

Anffliu    (A.    H.),    M.A.,    M.R.I.A. 
elected  a  Fellow  of  the  Society,  188. 

on  the  Expansion  of  Rational 

Fractions,  162. 

Annelida  of  the  Faroe  Channel,  by  Dr. 
M'Intosh,  F.R.a,  698. 

Anurella,  a  Sub- Family  or  Section  of 
the  Molgulidm  anurmf  283 ;  Ann* 
rella  and  Molgula,  in  clasnfyinff 
the  *  *■  Challenger  "  species,  considered 
as  one  genus,  284. 

Arrangement — Additional  Note  on  a 
Problem  of  Arrangement,  by  Thomas 
Muir,  A.M.,  187. 

Article,  the  Definite,  in  Greek,  by 
Professor  Blackie,  622. 

Articulation,  by  the  Rev.  J.  L.  Blake, 
815. 

Ascopera,  a  New  Genus  of  the  Mol- 

gntidee,  234. 
giganUa,  new  species,  238. 

pedunculata,  new  species,  289. 

Asteroidea  of  the  Faroe  Channel,  by 
W.  P.  Sladen,  F.L.S.,  693. 

Atmospheric  Electricity,  by  Professor 
C.  Michie  Smith,  613. 


872 


Index. 


Atmospheric     Refraction,     Professor 

Vince*8  Two  Cases  of,  681. 
Atomicity    (Chemical),    by    William 

Durham,  231. 
Avicennia  officinalis^  by  Dr.   Joseph 

Bancroft,  456. 

Bacillus     arUhracis     resembles     the 

Bacillus  of  Brazy,  621. 
BcUamoptera  borealis  or  UUiceps,   by 

Professor  Turner,   516;    its  Spine, 

519;    its  Skull,  523;   its  Pectoral 

Limb,  626. 
Balfour  (Professor  I.  Bayley),  Address 

on  the  Island  of  Socotra,  245. 
Diagnoses     Plantarum      No- 

varum   et  imperfecte  descriptarum 

Socotrensium,  Fungorum,  Algarum, 

Lichenum,  456,  498. 

Diagnoses      Plantarum     No- 


varum  et  imperfecte  descriptarum 
Phanerogamarum  Socotrensium, 
834. 

Balfour  (Dr.  J.  H.)  contributes  Obi- 
tuary Notice  of  Dr.  P.  D.  Handy- 
side,  829. 

Address  on  Closing  the  Session 

1881-82,  848. 

Ballengeich  Boulder,  266. 

Bancroft  (Dr.  Joseph)  on  Respiration 
in  the  Roots  of  Avicennia  officinalis 
456. 

Barnes  (Dr.  Henry)  elected  a  Fellow 
of  the  Society,  514. 

Baryta  (Caustic),  its  action  on  Acid 
Sulphate  of  Tetra-Benzyl-Phospho- 
nium,  48. 

Battery  (Iodine),  by  A.  P.  Laurie, 
230. 

Beddard  (Frank  E.),  B.A.,  and  Geddes 
(Patrick),  on  the  Histology  of  the 
Pcdicellanae  and  the  Muscles  in 
Echinxis  sphcera  (Forbes),  88. 

on  the  Anatomy  of  the  Ner- 
vous System  of  the  Pond  Snails 
Planorbis  and  Lymneeus,  576. 

on  the  Anatomy  and  Histology 


of  Plturochoeta  MoseUyiy  629. 
Ben  Nevis. — The  Application  of  the 

Rocks  of  Ben  Nevis  to  Ornamental 

Art,  365. 
Berry  (Walter),  Danish  Consul-Gene- 

lal,  elected  a  Fellow  of  the  Society, 

233. 
Betaines. — On   Phosphorus  Betaines, 

by  Professor  E.  A.  Letts,  40. 
Bismutho-hypobismuthic  Oxide,  566. 
Bismuth,   an  Oxycyanide  of,  and  a 

New  Oxide  of,  by  M.  M.  Pattison 

Muir,  557. 
Blackic  (Professor  J.  S.)  on  the  Defi- 


nite Article  in  Greek,  with  speda 

reference  to  the  Revised  Version  o 

the  New  Testament,  622. 
Blake   (Rev.   J.    L.)   on  Voice-Effor 

and  Rhythm,  798. 
on  Vocalisation  and  Articola 

tion,  815. 
Blood  -  Corpuscles.  —  Some    Phyaica 

Experiments  bearing  upon  the  Circu 

lation  of  the  Blooa-Corpuscles,  b] 

Professor  D.  J.  Hamilton,  370. 
Blyth  (Professor  James),  Note  on  az 

Electric  Sonometer,  28. 
on  a  Simple  Form  of  Selenion 

CeU,  119. 

on  the  Cause  of  Sounds  pra 


duced  in  the  Microphone  Receiver 
206. 

on  the  Action  of  the  Micro^ 


phone,  622. 
Bolteninffi,  a  Sub-Family  of  the  Cyn 

thiadse,  53. 
BoUenia  elegans,  new  species,  80. 

let^merit  81. 

pachydermati7iaj  new  species 

81. 
BoreoTtiysis  nohiliSy  687. 
Boulders. — Seventh    Report    of    th( 

Boulder  Committee,   246 ;    Eightl 

Report  of  the  Boulder  Committee 

743. 
Bourget  (Lake  of),  the  Colour  of  it 

Waters,  478. 
Brady  (H.   B.),  Report  on  the  Foni 

minifera  of  the  Faroe  Channel,  708 
Braxy,  Report  on,  616,  620. 
Brotherston  on  the  Cause  of  Shee] 

Disease,  616. 
Brown  (Professor  Cmm)  on  Chemica 

Nomenclature  and  Notation,  211. 
'  proposes  an  amendment  to  La? 

XIV.,  that  the  words  December  U 

July  be  substituted  for  the  wordi 

NovemJber  to  June^  421. 

on  a  Case  of  Dyspeptic  Vertigo, 


694. 


Brown  (J.  A.  Harvie)  of  Donipaci 
elected  a  Fellow  of  the  Society, 
133. 

Buchan  (A.)  M.A.  Address  on  p^^ 
senting  the  Neill  Prize  to  John 
Murray,  797. 

Buchanan  (George):  His  Treatise  "D( 
Jure  Regni  apud  Scotoe"  in  connec- 
tion with  the  Dawn  of  the  Coo- 
stitutional  Principle,  bv  Lord  Men- 
creifif,  137 ;  Short  Biognphy  of, 
188. 

Buchanan  (J.  T.)»  on  a  8okr  Calori- 
meter, and  some  Obsenrstiunt  made 
with  it  in  Upper  Egypt,  8S7. 


Index. 


m 


J.  Y. )  on  the  Oxidation  of ! 
alts,  191. 

[T.   R.),   M.P.,   elected  a 
the  Society,  637. 
SocotrcnseSj  506. 

J.)  and  Laurie  (A.  P.)) 
B  of  Combination  of  the 
ith  tlio  Halogens,  804,  830. 
hn  Hill),  LL.D.,  D.C.L., 
,  Obituary  Notice  of,  by 
1,  assistant  librarian,  324. 
J. ),  Report  on  the  Polyzoa 
roe  Channel,  690. 

cotrenses,  467. 
,  a  Solar,  by  J.   Y.  Buch- 
7. 

v..  J.  D.),  elected  a  Fellow 
jiety,  233. 

(Albert),  Change  in  the 
ffect  due  to  Variation  in 
ture,  807. 

er  of  Swan's  Lamp,  by  A. 
,  615. 

3  Loaf-bed,  by  Professor 
630. 

!  SocotrenseSf  501. 
damantine)   or    Diamond: 
pnration,    by    Dr.     R.    S. 
,  20. 

State  in  Iron  and  Steel :  a 
pothesis  of  the  Hardening 
nd  Steel,  by  Dr.  R.  Sydney 
,  368. 

)us  Rocks  of  the  South  of 
,  by  Archibald  Geikio, 
698 ;  The  Crustacea  and 
s  of,  by  B.  N.  Peach,  603. 
e^  Socotrenses,  601. 
Dyce),  Memb.  Inst  C.E., 
Fellow  of  the  Society,  698. 
rofessor),  His  Theorem  re- 
a  Bordered  Skew  Determi- 

Thomas  Muir,  M.A.,  187. 
;Rev.  Dr.)  delivers  an  Ad- 

the  Historic  Evidence  for 
itruction  of  Pompeii  and 
leum,  421. 

How  Cells  of  Radiolarians 
enterates,  377. 
e  VegeUble  Cell,  by  J.  M. 
ine,  576. 

)etween  Scotland  and  the 
lands :  Its  Physical  and  Bio- 
Conditions,  233,  638,  720. 

iny    Earle),    His  r^  Series 

ts  Professor  Geoi-ge  Forbes' 
stical  Planets,  93. 
Affinity  and  Atomicity,  by 
I  Durham,  231. 


Chemical  Nomenclature  and  Notation, 
by  Professor  Crum  Brown,  211. 

Chloracetic  Add:  Its  action  on  Triethyl- 
phosphine,  41. 

Christie  (Rev.  Oeorge),  Report  as  to 
Boulders  in  Lunnasting,  747. 

Christison  (Sir  Robert),  Bart,  Hon. 
V.-P.,  on  the  Application  of  the 
Rocks  of  BeU'  Nevis  to  Ornamental 
Art,  365. 

The    loss    sustained   by  the 

Society  through  his  Death  adverted 
to,  421. 

Chrystal  (Professor),  Remarks  on  Die- 
lectric Strength,  487. 

award^  the   Keith  Prize  for 

1879-81,  748;  the  Prize  presented, 
797. 

Cist  discovered  at  Parkhill,  Aberdeen- 
shire, 406. 

Clouds. — On  Dust,  Fogs,  and  Clouds, 
by  John  Aitken,  14. 

Coats  (Sir  Peter)  elected  a  Fellow  of 
the  Society,  861. 

Cockburn  (Charles),  Fungi  et  Algae  in 
Socotra,  456. 

Coelcnterates  and  Radiolarians — their 
Yellow  Cells,  877. 

CollemecR  Socotrenses,  457. 

Collie  (N.),  and  Professor  Letts,  on 
the  Action  of  Haloid  Com|X)unds 
of  Hydrocarbon  Radicals  on  Phos- 
phide of  Sodium,  and  on  the  Salts 
of  Tetra-benzyl-phosphonium,  46. 

Comenic  Acid,  by  D.  B.  Dott,  241. 

(Jomo,  the  Lake  of ;  the  Colour  of  its 
Waters,  477. 

Composites  SocotrenaeSf  887. 

Compression,  Temperature  Changes 
caused  by,  51. 

Constitutional  Principle,  the  Rise  of, 
bv  Lord  Moncreiff,  p.  136. 

Cooke  (Dr  M.  C),  Diagnoses  Fungo- 
rum  Novorum  in  Insa£  Socotra,  466. 

Comuspira  craasiaepta^  714 

involvenSf  714. 

strioUUa,  718. 

Council  for  Session  1880-81,  1;  for 
Session  1881-82,  324. 

CrassulaeecB  Socotrensea,  512. 

Gristellaria  rentformis,  716. 

Cruei/eroB  Socotrenaea,  500. 

Crooked  Stone  Boulder,  268. 

Crystallization  of  Silica  from  Fused 
Metals,  by  Dr.  R  Sydney  Marsden, 
37. 

Ctenicella,  a  (^enus  of  the  Molgulidse, 
233,  234. 

Cubic  (Symbolic).— A  Particular  Case 
of  the  Symbolic  Cubic,  by  Dr 
Gustav  PlaiT,  842. 


874 


InAut. 


Otieuriniaeea  Seeolreiuu,  613. 
Ciileolii0,  New  Genoa  of  the  Gynthi- 

■die,  82. 

Maseleyi,  new  species,  87. 

Murrayif  new  species,  83. 

perluciduSf  new  species,  86. 

-< — • —  reeumbenSf  new  species,  85. 

Suhmiy  new  species,  86. 

Wyville"  Thomstmij  new  species, 

84. 
Cnmming  (Kef.  John),  D.D.,  Obitoary 

Notice  of,   by  the  Roy.  Professor 

Flint,  328. 
Cynthia,  a  Genus  of  the  Cyntbiade, 

67. 

arenoeaf  new  species,  59. 

eerebriformiSf  new  species,  57. 

eomplanataf  new  species,  62. 

..  irregularis,  new  species,  60. 

fiasa,  new  species,  68. 

formoM,  new  species,  58. 

— —  hispida,  new  species,  61. 

pallida,  Heller,  60. 

Oyntbinse,  a  Sub-family  of  the  Cyn- 

thiadsB,  53. 

Determinants. — Transformations  con- 
necting General  Determinants  with 
Continuants,  by  Thomas  Muir  and 
Professor  Chrystal,  135. 

Mr  Thomas  Muir  on  Professor 

Cayley's  Theorem  regarding  a 
Bordered  Skew  Determinant,  187 ; 
Law  of  Extensible  Minors  in  Deter- 
minants, 187. 

Dickie  (Dr.  G.),  Dia^oaes  Alganim 
Novarum  Socotrensium,  456. 

Dielectric  Strength,  by  Professor 
Chrystal,  487. 

Dimethyl-thetine,  41. 

Dirichletux  Socotrenns,  834. 

Dittmar  (Professor),  Report  on  Gas 
Contents  of  Wator  of  Faroe 
Channel,  718. 

Dixon  (J.  A. )  elected  a  Fellow  of  the 
Society,  622. 

Dobbie  (Dr.  J.  J.),  MA.,  and  G.  C. 
Henderson,  B.Sc,  on  the  Forma- 
tion of  Serpentine  from  Dolomite, 
606. 

on  a  Bed  Resin  from  Draeema 

Cinnabarif  Socotra,  798. 

Dobbin  (Dr.  Leonard)  elected  a  Fellow 
of  the  Society,  202. 

Donations  of  Books  from  Scientific 
and  Literary  Societies,  and  from 
Authors,  845. 

Dott  (D.  B.)  elected  a  Felhm  of  the 
Society,  421. 

■■■  (Jomenic  Acid  241. 

Meconic  Acid,  38. 


Draemna  dnnahari,  Soootra,  798.  ' 

Duns  (Professor),  The  SnrfiMse  Geology 
of  Mid-Lochaber,  483. 

on  Boulders  at  Mid-Lochaber, 

761. 

Durham  (William),  Note  on  Chemical 
Affinity  and  Atomicity,  by  William 
Durham,  281. 

Dust,  Fogs,  and  Clouds,  by  John 
Aitken,  14  ;  If  there  was  no  dust, 
there  would  be  no  fogs,  no  clouds, 
and  probably  no  rain,  15  ;  Dnst- 
motes  may  be  removed  by  heat,  and 
yet  the  air  may  produce  clouds,  16 ; 
Part  II.,  122. 

Dust-Particles  form  the  Nucleus  on 
which  Vapour  Condenses,  16. 

Dyspeptic  Vertigo,  A  Case  of,  by 
Professor  Crum  Brown,  594. 

Earthquake  of  28th  November,  1880, 

in  Scotland  and  Ireland,  by  Cbarles 

Alexander  Stevenson,  176. 
Earth's     Rotation,     Tliermodjmamic 

Acceleration    of,    by    Sir   William 

Thomson,  397. 
Echinoidea  of  the  Faroe  Channel,  by 

Professor  A.  Aeassia,  697. 
Echinus  sphoera  (Forbc«),  The  Muscles 

in,  by  Patrick  Geddes,  F.  R.S.E.,  and 

F.  E.  Beddaid,  B.A.,  F.R.S.E-,  88, 
Eclipse  (Solar)  of  31st  December  1880, 

by  Edward  Sang,  18. 
of    17th    May    1882»    with 

Remarks  on    the   Calculation,  by 

Edward  Sang,  720. 
Eigg  :  Its  Pitchstone^Porphyry  River, 

by  Professor  Heddle,  63S. 
Electricity  (Atmospheric),  by  Pktit  (X 

Michie  Smith,  618. 
Electric  Conductivity,  Effects  of  Stnin 

on,  136. 
Electric  Diflcham  Through  Coin  Oil, 

by  Dr.  Alex.  Macfsrlane,  293. 
Electric    Discbarge,    The    Effect   cf 

Flame  on,  and  tiba  Effect  of  Meii- 

ture  on,  by  Dr.  A.  Ma<^lane  and 

D.  Rintoul,  567,  801. 
Electric  Sonometer,  by  Prat  Jmms 

Blyth,  28. 
Equidistant   Multiples   of  Imtional 

Quantities,  by  £.  Sanff,  % 
Eoscorpius,  a  denos  of  £orpioB,  246. 
Eskdale.  Carbonifaioua  Roeks  it,  by 

Archibald  Geikie,  F.R.8.  60#;  Aci- 

ditional  Fossil  Fishes  of,  by  Dr.  B. 

H.  Txaquair,  603  ;  Fossil  Hanta  of, 

by  R.  KidatoB,  608. 
Ethyl-chlomteof  Trietlgrl-plmpksm- 

betaiae,  42b 
ActioBof  Qiideaf8ilf«<ii»48. 


I<n3jtx, 


875 


Ethyl-chlorate  of  TriethyUphoephonit- 
betaine,  Action  of  Heat  on,  44. 

Eugyra  Kerguelerunsis^  new  species, 
237. 

Enplectella  :  Its  Stnictore,  2. 

Everett  (Professor),  Letter  to  Professor 
Tait  on  Mirage,  858  ;  Note  on  Mir- 
age, 361. 

Faroe  Islands. — On  the  Physical  and 
Biological  Conditions  of  the  Channel 
between  Scotland  and  the  Faroe 
Islands,  by  Sir  Wyyille  Thomson, 
233. 

Faroe  Channel.— Ejmloration  of,  by 
Sta£f>Commander  Tizard  and  John 
Murray,  in  the  "  Knight-Errant," 
638 ;  I.  Introduction,  638  ;  II. 
Origin  and  Objects  of  the  '*Kui^ht- 
Erraut"  Investigations,  640;  III. 
Narrative  of  the  Cmise,  644 ;  IV. 
Results,  648  ;  Wyville  Thomson's 
Ridge,  648  ;  Temperature,  652 ; 
Surface  Dred^g,  654,  657 ;  Its 
Minerals,  Anim^,  &c. ,  658 ;  On 
the  Plateau  surrounding  North 
Rona  and  Sulisker,  657;  Soundines, 
Dredgings,  and  Trawlings  in  uie 
Warm  i^ea,  660;  Description  of  the 
Muddy  Deposit,  662 ;  List  of  the 
Animals  taKen  in  the  Warm  Area, 
665 ;  Dredgings  and  Trawlings  in 
the  Cold  Area,  666  ;  Its  Minerals, 
kc.,  669 ;  List  of  the  Animals  taken 
in  the  Cold  Area,  670  ;  Soundings, 
Dredgings,  and  Trawlings  on  the 
Ridge,  Minerals  and  Organisms,  671 ; 
List  of  the  Animals  taken  on  the 
Ridge,  673  ;  Report  on  the  Fishes, 
by  Dr.  A.  Giinther,  F.R.S.,  677 ; 
Report  on  the  MoUusca,  by  Dr. 
Gwyu  Jeffreys,  F.R.S.,  680;  Report 
on  the  Cmstaeea,  by  Rev.  A.  M. 
Norman,  683;  Report  on  the  Pycno- 
goDida,  by  Dr.  P.  P.  C.  Uoek,  689: 
Report  on  the  Polyxoa,  by  Dr.  G. 
Boak,  F.R.a,  690 ;  Report  on  the 
Annelida,  by  Dr.  Mantoah,  F.R.S., 
698;  Report  on  the  Holothurioidea, 
by  Dr.  Hjalmar  Theel,  694;  Report 
on  the  Echinoidea,  by  Profeasor  A. 
AgMM«,  697;  Report  on  the  Aater- 
oidem,  by  W.  Percy  Sladen^  F.L.8., 
698;  Report  on  the  Ophiuroidea,  by  ( 
I^feaKX-  Theodore  Lyman,  707 ;  . 
Report  on  the  Foraminifera,  by  H. 
B.  Brady,  708 ;  Report  on  the  Gas 
Contents  of  .Sea  Water,  by  Profeasor 
Dittmar,  718;  Roeksof  North  Rona, 
bj  pgrffaanr  A.  Reoaid  and  John 
MorTBy,  720. 


Ferguson  (William),  of   Einmundv, 

on  a  Cist   discovered  at  Parkhilli 

Aberdeenshire,  405. 
Ferrous  Salts,  The  Oxidation  of,  by 

J.  Y.  Buchanan,  191. 
Fishes  of  the  Faroe  Channel,  by  Dr. 

A.  Gunther,  F.R.S.,  677. 
Flint  (The  Rev.  Professor)  Contributes 

Obituary  Notice  of  the  Rev.  John 

Cumming,  328. 
Focus  of  Object  Glass,  Eas^  Method 

for  Determming  the  Position  of,  50. 
Fogs. — On  Dust,  Fogs,  and  Clouds, 

by  John  Aitken,  14. 
More  Perfect  Combustion  will 

remove  the   Pea-Soup  character  of 

Town  Fogs,  18. 
Foraminifera  of  the  Faroe  Channel,  by 

A.  B.  Brady,  F.R.S.,  708. 
Forbes  (Prof.  George),  Additional  Note 

on  an  Ultra-Neptunian  Planet,  89. 
Simple  aud  Accurate  Method 

of  Determining  the  Longitude  of  a 

Place  b^  a  Single  Observer,  without 

measunng  Time,  167. 
Fossil  Fishes  of  Eskdale  and  Liddes- 

dalo,  by  Dr.  R.  H.  Traquair,  603. 
Fossil  Plants  of  Eskdale  and  Liddes- 

dale,  by  Robert  Kidston,  603  ;  of 

Canonbie,  604. 
Eraser  (Professor  T.  R. J,  contributea 

Obituary  Notice  of  Professor  San- 
ders, 333. 
Fungi. — Diafuoses    Fungorum    Nov- 

orum  in  {nsula  Socotra,  a  Bayley 

Balfour,  C.  Coekbum  et  A.  Soott, 

lectorum,  456. 

Galvanic  PoUrization,    by   Profesaor 

Hehnholtz,  202. 
Oases :  Their  Compreasion  by  High 

Pressures,  by  Prof.  Tait,  293. 
Geddes  (Patrick)  and  Beddard  (F.  E.), 

on  the  Histology  of  the  Pedioellari« 

and  the  Muscles  of  Echinus  aphara 

(Forbes),  88. 
on  the  Claawfication  of   Sta- 


tistics, and  its  Resulta,  295. 

on  the  Nators  and  Fonctions 


of  the  Yellow  Celb  of  Radiolarians 

and  Ccelenteratea,  377. 
Geikie  (Archibald),    F.R.S.,   on    the 

Carboniferons  fioeka  of  the  B^oth  of 

Scotland,  698. 
Geneva,  The  Lake  ot—The  Colour  of 

ito  Waters,  477.  478. 
Glaas. — Crushing  of  Gla4«  by  Pnanifc, 

bv  Prof.  Tait.  204. 
OUiigerina  buUmdet,  7161. 
Goodwin  (W.   L.),  on  the  5atnt«  of 

SolntioD,  834. 


876 


Index, 


Gordon  (James),  contributes  Obituary 

t  Notice  of  Dr.  John  Hill  Burton, 
F.R.S.E.,324. 

Government  Grant  for  Scientific  pur- 
poses, Statement  by  John  Murfay 

•  concemine,  806. 

Grant  (Sir  Alexander),  His  Address  on 
Closing  the  Session  1880-81. 

Oraphidaz  SocotrcnseSy  465. 

Gray  (Thomas),  elected  a  Fellow  of 
the  Society,  14. 

on  tne  Effect   of    Permanent 

Elongation  on  the  Specific  Resist- 
ance of  Wires,  33. 

Grove  (The  Hon.  Justice),  elected  u 
British  Honorary  Fellow,  95. 

Giinthcr(Dr.  A.),  F.R.S.,  Report  on 
the  Fishes  of  tho  Faroe  Channel,677. 

Baliragea  etegans.  New  Species  of 
Crustacean,  688. 

Hallard  (Sheriflf),  contributes  an  Obitu- 
ary Notice  of  Maurice  Lothian,  99. 

Halogens. — Heats  of  Combination  of 
the  Metals  with  the  Halogens,  by 
A.  P.  Laurie  and  C.  J.  Burton,  804, 
830. 

Haloid  Compounds  of  Hydrocarbon 
Radicals :  Their  action  on  Phos- 
phide of  Sodium,  and  on  Salts  of 
Tetra-benzyl-phosphonium,  by  Prof. 
Letts  and  N.  Colfie,  46. 

Hamilton  (Prof.  D.  J.),  M.B.,  elected 
a  Fellow  of  the  Society,  202. 

Some    Physical    Experiments 

bearing  upon  the  Circulation  of  the 
Blood-Corj^uscles,  370. 

and  Aitken  (Dr.  A.  P.),  Report 


on  Louping-ill  and  Braxy,  615. 

Handysidc  (Dr.  P.  D.),  F.RS.E., 
Obituary  Notice  of,  by  Dr.  J.  H. 
Balfour,  329. 

Haplophragmium  teiiuimargOf  715. 

Harrington  (James),  His  Oceana,  in 
connection  with  the  Dawn  of  the 
Constitutional  Principle,  159. 

Hay  craft  (Professor  John  B.)  on  Cer- 
tain Movements  exhibited  by  Low 
Forms  of  Animal  Life,  and  termed 
Amceboid,  29. 

on  the  Walls  of  Hepatic  Cells, 

131 

Heat. — Heat  Waves  :  Eflfects  of  Tem- 
perature-changes of  Specific  Heat 
and  Conductivity  on  tne  Propaga- 
tion of  Plane  Heat  Waves,  by  Pro- 
fessor Tait,  126. 

Simple  Method  of  Showing  the 

Diminution  of  Surface  Tension  in 
Water  by  Heat,  by  Professor  Tait, 
181. 


Heat. — Its  Action  on  Thioformanilid, 

199. 
Note  on  the  Heating  produced 

by  Compression,  by  Professor  Tait, 

217. 
Heats  of  Combination  of  the  Metah 

with  the  Halogens,  by  A.  P.  Laurie 

and  C.  J.  Burton,  804,  830. 
Heddle  (Professor  Forster),  Notes  on 

Boulders  in  Dumfriesshire  and  the 

Highlands,  268. 
Chapters  on  the  Mineralogy  oi 

Scotland  (chap.  vii.)»  549. 

Geological  Notes— Leaf-bed  ii 


Canna,  630. 

The     Pitchstone      Porphyij 


River  of  the  Scuir  of  Ei^,  632. 
A  Supposed  Oiganism  from  the 


Marble  of  Sutherland,  634. 

Notes  on  Boulders  in  Fife,  the 


Lewis,  and  the  Fort-WMlliam  Dis- 
trict, 772. 

on  the  Order  of  Succession  ol 


Rocks  in  the  North -W^est  High 
lands,  815. 

Henderson  (G.  G.)  B.Sc,  and  Dr. 
J.  J.  Dobbie,  on  tlie  Formation  oi 
Scri>entine  from  Dolomite,  606. 

on  a  Red  Resin  from  Draeegna 

CinnaJbariy  Socotra,  798. 

Hepatic  Cells :  Their  Cell-Walls,  bj 
Professor  J.  B.  Haycraft,  131. 

Herculaneum  and  Pompeii :  The  His 
tone  Evidence  for  their  Destruction, 
by  the  Rev.  Dr.  Cazenove,  421. 
See  Pompeii. 

Helmholtz  (Professor)  on  Galvanic 
Polarization,  202. 

Herdman  (Dr.  W.  A.),  elected  a  Fel- 
low of  the  Society,  133. 

Preliminary    Report    on    the 

Tunicata  of  the  Challenger  Expedi- 
tion :  Part  III.  CynthiadsEi,  62;  F^ 
lY.  Molgulidse,  283. 

Highland  and  Agricultural  Society.— 
Report  of  their  Committee  on  the 
Sheep  Diseases  known  aa  Lonping- 
ill  and  Braxy,  616. 

Hoek  (Dr.  P.  P.  C. ),  Report  on  the  Pyc- 
nogonida  of  the  Faroe  Channel,  689. 

Holothnrioidea  of  the  Faroe  Channel 
by  Dr.  H.  Theel,  694. 

Home  (D.  Milne),  LL.D.,  His  Ad 
dress  on  presenting  the  Makdim(;a]l- 
Brisbane  Prize  to  Pn>feiior  Piazs 
Smyth,  862. 

Remarks  on  preMnting  the  7tl 

Boulder  Report  :  Inqoiiy  as  tc 
Whence  and  How  Boolden  havi 
come  to  their  pntent  poiitMiia,  S8^ 
298. 


Indn. 


an 


).  Milne),  LL.D.,  Remarks  on 

ting  the  Eighth  Boulder  Re- 

78. 

)bject8  for  which  the  Boulder 

ittee  was  appointed,  and  lines 

liry  pursued,  778,  787. 

ohn),  elected  a  Fellow  of  the 

f,  175. 

rbon  Radicals,   Haloid  Com- 

3  of,  46. 

lorate  of  Triethyl-phosphorus- 

e,  44. 

tcecB  SocotrenseSi  502. 

s,  549. 

.  W.),  elected  a  Fellow  of  the 

Y,  637. 

lattery,  by  A.  P.  Laurie,  230. 

^n  the  State    of    Carbon  in 

ind  Steel,  by  Dr.  R.  Sydney 

en,  368. 

"he  Dimeusions  of  Cast-Iron 

ious  Temperatures,  with  more 

d  reference  to  the  Phenomena 

Solid  floating  on  the  Molten 

by  W.  J.  MiUar,  549. 
1     Quantities,      Equidistant 
des  of,  by  £.  Sang,  2. 

549. 

'.  obtusa,  714. 

i  (Andrew),  Recent  Tests  of 

i  Lamp  for  Fall  of  Resistance, 

lected  a  Fellow  of  the  Society, 

I  (Dr.    Fife),    Notes  on  the 

in  a  Cist  discovered  at  Park- 

05. 

i  (Thomas   F.)  on   Boulders 

)erdeenshire  and  Perthshire, 

(Dr.  Gwyn),  F.R.S.,  Report 
e  Mollusca  of  the  Faroe 
el,  680. 

quid).— Effects  of  Rotation  in 
I  Jets,  94. 

rize  (1879-81)    presented   to 
sor  C!hrystal  for  ms  Paper  on 
fferential  Telephone,  797. 
lomas),    F.  R  S.  £. ,    Obituary 
t  of,  95. 

Theory  of  Gases  in  relation  to 
iation,  806. 

A  Singular  Problem  in,  173. 
homas),  Obituary  Notice  of, 


aggiore.   The    Colour   of   its 
9,  477. 

XL 


Lassell  (Dr.  William),  Obituary  No« 

ticeof^  97. 
Laurence  (Rev.  William),  Report  as 

to  Boulders  in  Fair  Isle,  749. 
Laurie  (A.  P.),  B.Sc,  on  an  Iodine 

Batte^,  230. 
Some  Experiments  on  a  New 

Secondary  Cell,  724. 

and  C.  J.  Burton,  on  the  Heats 


of  Combination  of  the  Metals  with 
the  Halogens,  804,  880. 

Law  XIV.  amended. — The  words  i>6- 
cember  to  July  to  be  substituted  for 
the  words  November  to  June,  421  ; 
and,  when  there  are  five  Mondays 
in  January,  the  Meetiuffs  shall  be 
held  on  the  third  and  fifui  Mondays 
of  that  month,  567. 

Lawson  (Robert),  M.B.,  elected  a 
Fellow  of  the  Society,  138. 

Leaf-bed  in  Canna,  630. 

Lecanorem  Socotrenses,  460. 

LeddeoB  Socotrenses,  462. 

Leffwnvnoam  SocotrenseSf  508. 

Leslie  (Alexander),  Memb.  Inst.  C.E., 
elected  a  Fellow  of  the  Society,  514. 

Letts  (Professor  £.  A.)  on  Phosphorus 
Betaines,  40. 

On  the  Action  of  Haloid  Com- 
pounds of  Hydrocarbon  Radicals  on 
Phosphide  of  Sodium  and  on  the 
Salts  of  Tetra-benzyl-phosphonium, 
46. 

Leucocytes. — Conclusions  as  to  their 
Nature  and  Movements,  376. 

Liddesdale,  Carboniferous  Rocks  of, 
by  Archibald  Geikie,  F.R.S.,  600  ; 
Additional  Fossil  Fishes  of,  by  Dr. 
R.  H.  Traquair,  603 ;  FossU  Plants 
of,  by  R.  Kidston,  603. 

Light  — Nature  of  Vibrations  in  Com- 
mon Light,  by  Professor  Tait,  419. 

Lindsay  (Dr.  William  Lauder),  Obitu- 
ary Notice  of,  736. 

Livingston  (Colin),  Notes  on  Boulders 
and  Striated  Rocks  at  Fort- William, 
765. 

Livingston  ( Josiah),  elected  a  Fellow 
of  the  Society,  622. 

Liversidge  (Professor  A.)  on  Stilbite 
from  Kerguelen's  Island,  117. 

Lochaber,  see  Mid-Lochaber,  488. 

Loch  Lomond :  The  Colour  of  its 
Waters,  479. 

Longitude,  Simple  and  Accurate 
Method  of  Determining,  117. 

Longitude,  Determination  of,  without 
a  Chronometer,  293. 

Lothian  (Maurice),  Obituary  Notice  of, 
99. 

Louping-ill :  Report  on,  615. 

4x 


878 


Index, 


Loven    (Professor    Sven),    elected    a 

Foreign  Honorary  Fellow,  94. 
Lowering  of  the  Maximum  Density 

Point  of  Water  by  Pressure, '626,  809. 
Lyman  (Professor  Theodore),   Report 

on  the  Ophiuroidea  of  the  Fai-oe 

Channel,  707. 
I^ymnseus:    Its  Anatomy,    bv  F.    E. 

Beddard,  B.A.,  576. 
Lyngbya  acaJbrosa^  456. 
Lythracecc  Socotrenses^  512. 

Macfarlane  (Dr.   Alex.),   Algebra    of 
Relationship,  Part  II.,  5. 

Algebra  of  Relationship,  Part 

III.,  162  ;  the  Number  of  Genus 
Relationships  of  the    11th  Order, 
165 ;    the    Order-Index,  167 ;    the  \ 
Degree- Index,  165.  j 

On    Morgan*s     Systems     of 


Marsden  (Dr.  R.  Sydney)  on  thi 
Crystallisation  of  Silica  from  Fusee 
Metals,  87. 

on  the  Manner  in  which  SiH 

con,  Phosphorus,  Man^nese,  ani 
other  elements  exert  their  influeno 
upon  Steel,  566. 

on  the  Preparation  of  Adaman 


tine  Carbon  or  Diamond,  20. 

on  the  State  of  Carbon  in  Iroi 


Consaiuniinity  and  Affinity,  245. 

Electric    Discharge    through 


Colza  Oil,  293. 

and  D.  Rintoul,  on  the  Effect  of 


Flameon  the  Electric  Discharge,  567. 
and  D.  Rintoul,  on  the  Effect 


— »  —  — 

of  Moisture  on  the  Electric  Dis- 
charge, 801. 

Macfarlane  (J.  M.),  B.Sc.,  on  the 
Vegetable  Cell,  576. 

Macintosh  (Dr.  W.  C),  Not«  on  a 
Phoronis  dredged  in  H.M.S. 
"Challenger,"  211. 

M*Intosh  (ftofessor  W.  Carmichael), 
Report  on  the  Annelida  of  the 
Faroe  Channel,  693. 

Contributes  an  Obituary  No- 
tice of  Dr.  William  Lauder  Lind- 
say, 786. 

Mackay  (J.  S.),  M.A.,  elected  a 
Fellow  of  the  Society,  514. 

Maclagan  (David),  F.R.S.E.,  contri- 
butes  an  Obituary  Notice  of  David 
Smith,  late  Treasurer,  784. 

(Professor)  contributes  Obitu- 
ary Notice  of  Dr.  Andrew  Wood, 
338. 

M'Neill  (Donald),  Notes  on  the 
Boulders  of  Colonsay,  264. 

Madeira.--On  some  Points  in  its 
Meteorolofinr,  by  the  Astronomer- 
Royal  for  Scotland,  629. 

Mair  (Rev.  Hugh),  Report  as  to 
Boulders  at  Keiss,  749. 

Makdougall-Brisbane  Prize  for  the 
period  1879-80,  awarded  to  Pro- 
fessor Piazzi  Smyth,  Astronomer- 
Royal  for  Scotland,  861. 

Malvaeea  Socotrejiaes,  608. 

Manganese  :  Its  Action  on  Steel,  by 
Dr.  R.  S.  Marsden,  566. 


and  Steel ;    a  New   Hypothesis  o 

the  Hardening  of  Steel,  368. 
Marshall  (Professor  D.  H.)  elected  i 

Follow  of  the  Society,  622. 
— : On  the  Lowering  of  the  Maii 

mum   Density  Point  of  Water  b; 

Pressure,  626,  809. 
Marsipella  cylindrical  714. 
Martite,  549. 

Mazonia :  A  Grenus  of  Scorpion,  245. 
Meconates  of  Lead,  34  ;  of  Silver,  84 
Meconic  Acid,  not  proved  to  be  Tri 

basic,  33. 
Mediterranean:   Its  Colour,  by  Johi 

Aitken,  472. 
Menispernuieea  SocotrenseSf  500. 
Menzies  (Dr. ),  Detennination  of  Longi 

tude  without  a  Chronometer,  293. 
Mesoplodon  bidcns  (Sowerby's  Whale) 

by  Professor  Turner,  443  ;  Table  o 

Cranial  Measurements,  449  ;  Spina 

Column,  451  ;  Dorsal  Yertebne,  kc 

452-55. 
Metals,  Heats  of  Combination  of^  wit! 

the  Halogens,  804,  830. 
Microcosmus  (Heller),  a  Genus  of  th< 

Cynthiadae  described,  54. 

polymorphua  (Heller),  65. 

propinquuSf  new  species,  55. 

Microphone. — On  the  Cause  of  Sound 

produced  in  the    Microphone  Re 

ceiver,  by  Prof.  James  Biyth,  206. 
Its  Action,  by  Professor  Jame 

Blyth,  622. 
Mierothamnion  breviarUcukUum,  456 
Mid-Lochaber :   Its  Surface  Geology, 

by  Professor  Duns,  488. 
Miliar  (W.  J.)  on  the  Dimensions  oi 

Cast  Iron  at  varioiu  Temperatons, 

with  more  especial  reference  to  th< 

Phenomena  of  the  Solid  Floating  on 

the  Molten  Metal,  549. 
MUton    (John),  His   '*Defensio  pre 

Populo  AngUcano,"  in  connecdoo 

with  the  Dawn  of  tJie  OooBtitatioDa] 

Principle,  155. 
Minding's  Theorem,  fay  G.  Plarr,  528. 
Minerabgy  of  Scotland,  Chapter  V II., 

by  Professor  Heddle,  649 ;  Fdome* 

lane,  Toi^te,  and  Martha  649; 

Ilmenites  and  Iiermai,  649l 


Index. 


879 


Professor  Tait,  364  ;  Part 
;  Part  111.,  798. 
its   effect  on  the   Electric 
;e,  801. 

,  a  family  of  the  Tunicata, 

nto  four  fi^nera — Anurella, 

Ctenicella,   and    Eugyra, 

Genus  of  the  Tunicata. 
intettf  234. 
jaria,  234. 

unculatOj  new  species,  234. 
rida,  new  species,  235. 
best,  new  species,  236. 
iformiSf  new  species,  236. 
)f  the   Faroe   Channel,   by 
n  Jeffreys,  F.R.S.,  680. 
(The    Kight    Hon.    Lord), 
t.    His    Introductory    Ad- 
136. 

ceives  the  Thanks  of   the 
or  his  Address,  2. 
itributes  an  Obituary  Notice 
Drmidale,  107. 
System   of   Consanguinity 
lity,  245. 

(William),  Report  as  to 
i  in  Ross-shire,  754. 
The  Imperial  Society  of 
sts  of  Moscow  invite  the 
►ciety  to  the  Celebration  of 
oth  Anniversary  of  the  Gra- 
of  Dr.  Charles  Renard,  567. 
M.  Pattison),  M.A.,  on  an 
ide,  and  a  New  Oxide,  of 
,  557. 

mas),  M.A.,  on  Professor 
Theorem  regarding  a 
I  Skew  Determinant,  187  ; 
^  of  Extensible  Minors  in 
lants,  187;  Additional  Note 
blem  of  Arrangement,  187. 
1  a  Class  of  Permanent 
ric  Functions,  409. 
I  Professor  Chrystal  on  some 
mations  connecting  General 
lants  with  Continuants,  135. 
:.  J.),  Diagnoses  Lichenum 
sium  Novorum,  457. 
ohn)  and  Staff-Commander 
Exploration  of  the  Faroe 
during  the  Summer  of 
tlie  "  Knight-Errant,"  638. 
•ks  of  North  Rona,  Faroe, 

irded   the   Neill   Prize   for 

,  743 ;  Prize  presented,  797. 

Statement  with  respect  to 

ions    for  the   Government 

£4000,  806. 

the  Mammalian  Foot,  162. 


Neill  Prize  (1877-80)  presented  to  Mr. 
John  Marray  for  his  Paper  on  the 
Structure  and  Origin  of  Coral  Reefs 
and  Islands,  797. 

Nephropaia  AtlarUicaf  New  Species  of 
Crustacean,  684. 

Newcomb  (Professor  Simon)  elected  a 
Foreign  Honorary  Fellow,  94. 

Contributes  an  Obituary  No- 
tice of  Professor  Benjamin  Peirce, 
739. 

Nicholson  (Prof.  H.  AUeyne)  on  the 
Structure  of  the  Skeleton  of  Tubi- 
pora  miisica^  and  on  the  Relation  of 
the  Genus  Tubipora  to  Syringopora, 
219. 

Nicol  (W.  W.  J.),  the  Action  of  Heat 
on  Thioformanilid,  199. 

Condition  of  Ammonium  Salts 

when  dissolved  in  Water,  819. 

Noiman  (Rev.  A.  M.),  Report  on  the 
Crustacea  of  the  Faroe  Cnannel,  683. 

Numbers,  Theory  of,  by  Professor 
Tait,  245. 

Obituary  Notices  of — 

Burton  (Dr.  John  Hill),  324. 
Gumming  (Dr.  John),  328. 
Handyside  (Dr.  P.  D.),  329. 
Key  (Thomas),  95. 
Knox  (Thomas),  108. 
Las-sell  (Dr.  William),  97. 
Lindsay  (Dr.  William  Lauder), 786. 
Lothian  (Maurice),  99. 
Ormidale  (The  Honourable  Lord), 

107. 
Peirce  (Professor  Benjamin),  789. 
Ponton  (Mungo),  100. 
Sanders  (Professor),  383. 
Sharpey  (Professor  William),  110. 
Smitn  (David),  Treasurer,  784. 
Wood  (Dr.  Andrew),  338. 
Object-Glass. — Easy  Method  for  De- 
termining    the     Position     of    its 
PrincipaiFocus,  60. 
Office-Bearers  for  Session  1880-81,  1 ; 

for  Session  1881-82,  324. 
Omond  (K  T.)  on  the  Lowering  of 
the    Maximum    Density  Point   of 
Water  by  Pressure,  626,  809. 
Ojnphalariccc  Socotrenses,  457. 
Ophiuroidea  of  the  Faroe  Channel,  by 

Professor  Theodore  Lyman,  707. 
Ormidale  (Lord),  Obituary  Notice  of, 

107. 
Oxidation  of  Ferrous  Salts,  by  J,  Y. 

Buchanan,  191. 
Oxide  (A  New)  of  Bismuth,  by  M.  M. 

Pattison  Muir,  M.A.,  557. 
Oxycyanide  of  Bismuth,   by  M.  M. 
Pattison  Muir,  M.A.,  557,  562. 


i 


■I 


880 


Iiidex. 


Palseoniflcidse :  Their  Stnictnra,  by  Dr. 

R.  H.  Traquair,  217. 
ParmelieoR  SocotrenseSf  458. 
Pasteur    Medal,   Invitation    to    anb- 

scribe  for,  743. 
Peach  (B.  Neeve)  elected  a  Fellow  of 

the  Society,  175. 
Some  New  Species  of  Fossil 

Scorpions,  with  a    Review  of  the 

Genera  Eoscorpius  andMazonia,  245. 
Crustacea  and    Scorpions   of 


the    Carboniferous    Rocks    of    the 
Scottish  Border,  603. 

Peddie  (W.),  Rotation  of  the  Plane  of 
Polarisation  by  Quartz,  and  its  re- 
lation to  wave-lengths,  816. 

Pedicellarise :  Their  Histology,  by 
Patrick  Geddes,  F.R.S.E.,  and  F. 
E.  Beddard,  B.A.,  88. 

Peirce  (Professor  Benjamin),  Obituary 
Notice  of,  789. 

Peltier  Effect  due  to  Variation  in 
Temperature,  by  Albert  Campbell, 
807. 

Permanent  Symmetric  Functions,  409  ; 
Symmetric  Functions  distinguished 
from  Alternating  Functions  ;  Deter- 
minants may  be  placed  under  the 
class  of  Alternating  Functions,  409  ; 
Products  of  Permanents  and  Deter- 
minants of  the  n^  Order,  411. 

Phoronis.  —  Note  on  a  Phoronis 
Dredged  in  H.M.S.  ''Challenger," 
by  Dr.  W.  C.  Macintosh,  211. 

Phosphate  of  Sodium,  46. 

Phosphorus:  Its  Action  on  Steel,  by 
Dr.  R.  S.  Marsden,  566. 

Phosphorus  Betaines,  by  Prof.  E.  A. 
Letts,  40. 

PhyscicB  Soeotrensea,  459. 
•  Pitchstone-Porphyry    River    of    the 
Scuir  of  Eigg,  632. 

PUicodiece  Socotrenses,  459. 

Placopoda  Socot.t  835. 

Plane  of  Polarisation,  Rotation  of, 
by  Quartz,  816. 

Planispirina  contraria^  713. 

Planorbis  :  Its  Anatomy,  by  F.  E. 
Beddard,  B.A.,  576. 

Plantamour  (Professor  Emile)  elected 
a  Foreign  Honorary  Fellow,  94. 

Plarr  (Dr.  Gustav)  on  a  Particular 
Case  of  the  Symbolic  Cubic,  342. 

on  Minding's  Theorem,  528. 

Platvsomidfle  :  Their  Structure,  by  Dr. 
R.*  H.  Traquair,  217.  « 

Pleurochasta  Moseleyi,  The  Anatomy 
and  Histology  of,  by  F.  E.  Beddard, 
B.A.,  629. 

Polarisation  (Galvanic),  by  Professor 
Helmholz,  202. 


Polarisation,  Rotation  of  the  Plane  of, 

816. 
Polycarpa,   Heller,   a    Genus  of  the 

CynthiadsB. 

irregularis,  new  spedea,  72. 

lonqiMiphonicOy  new  spedea,  77. 

minutaf  new  spedea,  78. 

molguloidcSi  new  species,  76. 

pedatOf  new  species,  71. 

pilella,  new  species,  78. 

quadrata,  new  spedes,  78. 

radieatut,  new  spedea,  75. 

rigida^  new  species,  76. 

sulcata,  new  spedes,  73. 

HnUor  (Quoy  and  Guinard), 


74. 


viridis,  new  species,  74. 


Polyzoa  of  the  Faroe  Channel,  by  Dr. 
G.  Busk,  690. 

Pompeii  and  Herculaneum — Historic 
Evidence  of  their  Destruction :  An 
Address  by  Rev.  Dr.  Cazenove,  421; 
Evidence  of  Martial,  425 ;  Evidence 
of  Plutarch,  426 ;  Evidence  of 
Statins,  427  ;  Evidence  of  Tadtos, 
430  ;  Evidence  of  Josephus,  432 ; 
Evidence  of  Suetonius,  433  ;  Evi- 
dence of  the  Younger  Pliny,  433 ; 
Evidence  of  Dion  Cf^us,  437;  Evi- 
dence of  Marcus  Aurelins,  441. 

Ponton  (Mungo),  W.8.,  Ohituarv 
Norice  of,  100. 

Pressure. — Crushing  of  Glass  by  Pres- 
sure, by  Professor  Tait,  204. 

on  the  Average  Pressure  due 

to  Impulse  of  Vortex  Rings  on  a 
Solid,  by  Sir  William  Thomacm, 
204. 

on  the  Compression  of  Gases 


by  High  Pressures,  293. 
Pressure-Errors  of  the  "Challenger" 

Thermometers,  by  Prof,  Tait,  199. 
Note  on  the  Heating  produced 

by  Compression,  217. 
Prizes.  —  The    Makdongall  -  Brisbane 

Prize  for  the  Biennial  Period  1879-81 

awarded  to  Professor  Piaza  Smyth, 

AstronomeT- Royal  for  Scotland,  861. 
Keith    Prize     for     1879-81 

awarded  to  Professor  ChiTital,  748. 
NdU     Prize     for     1877-80 


awarded  to  John  Mnrray,  748. 
Pryde  (Dr.  David)  elected  a  FeUow  of 

the  Sodety,  637. 
Pseudopodium :  How  produced,  81. 
Psilomelane,  549. 
Psarecs  Sopoirenses,  460. 
Pulvintdina  seUuia^  710. 
Pycnogonida  of  the  Aom  Ghanad, 

689. 
Pyrenulea  Soootrmutt^  471. 


fitdex. 


88t 


Qaaternions.  —  On  Quaternion  Inte- 
gration, by  Professor  Tait,  293. 

Radiolarians  and  Ccalenterates :  Their 

Yellow  Oells,  877. 
Ramalinai  Socotrenses^  458. 
Rational  Fractions,  The  Expansion  of. 

162. 
Rattray  (Dr.  James  Clerk)  elected  a 

Fellow  of  the  Society,  421. 
Refraction.  —  Professor  Vince's   Two 

Cases  of  Unusual  Atmospheric  Re- 
fraction, 581. 
Relationship,   The  Algebra  of,    162 ; 

Number  of  Genus  Relationships  of 

the  »*»»  Order,  165. 
Renard  (Prof.  A.)  and  John  Murray, 

Rocks  of  North  Rona,  Faroe,  720. 
Reophax  difflitgiformiSy  716. 

aduiici^  715. 

sabulosa,  715. 

Resedaeem  Socotrenses,  501. 
Resistance  of  Wires,  33. 
Rhabdammina  cornvia^  714. 
Rhythm,  by  the  Rev.  J.  L.  Blake,  798. 
Richardson  (Ralph),    F.R.S.E.,  Note 

on  a  Boulder  at  Loch  Skene,  281. 
Report  as  to  Boulders  at  Strath- 

naim,  750. 
Rintoul  (D.)  and  Dr.  A.   Maofarlane 

on  the    Effect    of   Flame    on    the 

Electric  Discharge,  567. 
on  the  Effect  of  Moisture  on 

the  Electric  Discharge,  801. 
Robinson  (The  Rev.  Dr.  T.  R.)  con- 

tributes  an  Obituary  Notice  of  Dr. 

William  Lassell,  97. 
Rocccllea:  Socotreiises^  458. 
Rocks,  Order  of  Succession  of,  in  the 

North-West  Highlands,  815. 
Rogerson    (John     Johnston),     A.B., 

elected  a  Fellow  of   the    Society, 

233. 
Rona  (Faroe). — Rocks  of  North  Rona, 

by  Professor  A.  Renard  and  John 

Murray,  720. 
Rosebery  (The  Right  Hon.  the  Earl  of) 

elected  a  Fellow  of  the  Society,  233; 

admitted,  421. 
Rotating  Mass  of  Fluid,   Figures  of 

Equihbriura    of,    by    Sir    William 

Thomson,  610. 
Rotation  in  Liquid  Jets,  by  Professor 

Tait,  94. 
Rotation  of  the  Plane  of  Polarisation 

by  Quartz,  and  its  relation  to  Wave- 

Length,  by  W.  Peddie,  816. 
Jiubiaoece  Socotrenses,  834. 
Rumble  (Thomas  Wm.),  Memb.  Inst 

C.  E.,  elected  a  Fellow  of  the  Society, 

133. 


BukiMCB  Soooirenaeg,  505. 

Rutherford  (Samuel),  Hit  Treatise 
**  Lex  Rex  "  in  connection  with  the 
Dawn  of  the  Constitational  Prin- 
ciple, by  Lord  Moncreiff,  151. 

Salmasius  (Joannes),  His  ''Defensio 
Regia  pro  Carolo  Primo,"  in  con- 
nection with  the  Dawn  of  the  Con- 
stitutional Principle,  by  Lord  Mon- 
creiff,  153. 

Salmon  (Rev.  Professor  George)  elected 
a  British  Honoratr  Fellow,  95. 

Sanders  (Professor  W.  R.),  Obituary 
Notice  of,  333. 

Sanderson  (James,  Dep.  Inspector-Qen. 
of  Hospitals)  contributes  an  Obitu- 
ary Notice  of  Thomas  Key,  95. 

Sang  (Edward),  on  Equidifferent  Mul- 
tiples of  Irrational  Quantities,  2. 

on  the  Solar  Eclipse  of  81st 

December  1880,  18. 

Notice  of  the  Solar  Eclipse  of 


the  17th  Mav  1882,  with  Remarks 
on  the  Calculation,  720. 

Notice  of  an  Easy  Method  for 


Determining  the  Position  of  the  Prin- 
cipal Focus  of  an  Object  Glass,  50. 
Moves  an  Addition  to  Law 


XIY.  "That  when  there  are  five 
Mondays  in  January,  meetings  shall 
be  held  on  the  3rd  and  5th  Mon- 
days of  that  month,"  421  ;  His 
Motion  Adopted,  and  Law  XIY. 
Amended  accordingly,  567. 

A  Critical  Examination  of  Two 


Cases  of  Unusual  Atmospheric  Re- 
fraction, described  by  Professor 
Vince,  681. 

Sapirukicea  Soootrenses,  507. 

Schultze  (Dr.  F.  £.)  on  the  Structure 
of  Enplectella,  2. 

Schweinfurth  (Dr.),  JAchetus  Soco* 
trensea,  457. 

Scorpions,  New  Fossil,  by  B.  N.  Peach, 
245. 

Scott  (Alexander),  Fungi  et  Algas  in 
Insula  Socotra,  456. 

Sea  Water :  Its  Absorption,  by  John 
Aitken,  637. 

Gas    Contents    of  Water    of 

Faroe  Channel,  by  Prof.  Dittmar, 
718. 

Secondary  Cell. — Some  Experiments 
on  a  New  Secondary  Cell,  by  A.  P. 
Lawrie,  B.Sc.,  724. 

Selenium  Cell,  A  Simple  Form  of,  by 
Professor  James  Blyth,  119. 

Serpentine:  Its  Formation  from  Dolo- 
mite, by  Dr.  J.  J.  Dobbie,  and  G. 
G.  Henderson,  B.Sc.,  606. 


682 


Indac. 


Shand  (The  Hon.  Lord)  contributes  an 

Obituary  Notice  of  Thomas  Knox, 

103. 
Sharpey    (Prof.    Williani),    Obituary 

Notice  of,  110. 
Sheep  Diseases,  known  as  Louping-ill 

and  Braxy,  615. 
Silica  :  Its  Crystallization  from  Fused 

Metals,  by  Dr.  R.  Sydney  Marsden, 

87, 
Silicon  :  Its  Action  on  Steel,  by  Dr. 

R.  S.  Marsden,  566. 
Sladen  (W.  P.),  F.L.S.,  Report  on  the 

Asteroideaof  the  Faroe  Channel,  698. 
Smith  (Professor  C.  Michie)  elected  a 

Fellow  of  the  Society,  622. 
Notes  on  Atmospheric  Elec- 
tricity, 618. 

On  the  Lowering  of  the  Maxi- 


mum Density  Point  of  Water  by 
Pressure,  626,  809. 

Smith  (David),  late  Treasurer,  Obitu- 
ary Notice  of,  784. 

Smyth  (Professor  Piazzi),  Astronomer- 
Royal  for  Scotland,  awarded  the 
Makdougall-Brisbane  Prize  for  the 
Period  1879-80,  861. 

on  some  Points  in  the  Meteor- 
ology of  Madeira,  629. 

Snails  (Pond),  Their  Nervous  System, 
by  F.  E.  Beddard,  B.A.,  676. 

Socotra,  Island  of,  by  Professor  I. 
Bayley  Balfour,  245. 

Diagnoses  Plantarum  Novarum 

et  Imperfecte  descriptamm  Soco- 
trensium,  456,  498,  834. 

Solar  Calorimeter,  and  some  Observa- 
tions made  with  it  in  Upper  Egypt, 
827. 

Solar  Eclipse  of  31st  December  1880, 
by  Edward  Sang,  18. 

Solar  Eclipse  of  1 8th  May  1882,  by 
Edward  Sang,  720. 

Solution — its  Nature,  by  W.  L.  Good- 
win, 834. 

Sonometer  (Electric),  by  Prof.  James 
Blyth,  28. 

Sorley  (James)  elected  a  Fellow  of  the 
Society,  598. 

Sowerby  s  Whale  [Mesoplodon  bidens), 
by  Professor  Turner,  448. 

Space-Loci,  by  Professor  Tait,  187. 

Spramie  (T.  B.),  Mathematical  Note, 
title  only,  000. 

Statistics :  Their  Classifi cation,  by 
Patrick  Geddes,  F.R.S.E.,  295. 

Steam  shows  Impure  and  Dusty  State 
of  Atmosphere,  15. 

Steel. — On  the  State  of  Orbon  in 
Iron  and  Steel,  by  Dr.  R.  Sydney 
liatadeu,  868. 


SteeL — On  the  Influence  of  Silicon, 
Phosphorus,  and  Manganese  on,  by 
Dr.  R.  S.  Marsden,  566. 

Ste^nstrup  (Professor  Johannes  lapetns 
Smith)  elected  a  Foreign  Honorary 
Fellow,  95. 

Steradiacea  Socotrenaes,  503. 

Sterium  retinigum,  a  New  Fungus, 
456. 

Stevenson  ((IJharles  Alexander),  B.Sc, 
The  Earthquake  of  28th  November 
1880  in  Scotland  and  IreliDd, 
176. 

Stilbite  from  Kerguelen's  Island,  by 
Professor  A.  Liversidge,  117. 

Storm:  Its  Motion  in  an  Easterly 
Direction  only  possible  as  a  Cir- 
cular Atmospheric  Wave,  by  Robert 
Tennent,  209. 

Slyela  hjthiay  new  species,  68. 

dava^  new  species,  70. 

conveaca^  new  species,  69. 

exiffwi,  new  species,  68. 

flava^  new  species,  64. 

glans^  new  species,  65. 

grandU,  new  species,  67. 

gyrosa.  Heller,  67. 

ladeay  new  species,  68. 

Maeleayy  a  genus  of  the  Cyn- 

thiadae,  62. 

oblonga,  new  species,  65. 

squamosa,  new  species,  66. 


Styelince,  a  Sub-family  of  the  Cyn- 
thiadffi,  53. 

Sulphate  of  Triethyl  -  phosphorus- 
betaine,  45. 

Sulphur,  when  burned,  a  Fog-produoer, 
18. 

Surface  Tension.  — Method  of  showing 
Diminution  of  Surface  Tension  in 
Water  by  Heat,  by  Professor  Tiit, 
131. 

Sutherland  Marble,  A  supposed  Or- 
ganism from,  by  Professor  Heddle^ 
634. 

Swan's  Lamp,  Recent  Tests  of,  by  A 
Jamieson,  615. 

Sydney  (Algernon),  His  "Treatise  on 
Government,"  in  connection  with 
the  Dawn  of  the  Constitutioni] 
Principle,  by  Lord  Moncreiff, 
160. 

Sjrmbolic  Cubic,  A  Particular  Case  of, 
by  Dr.  Gustav  Plarr,  842. 

Symmetric  Functions. — On  a  Class  of 
Permanent  Symmetric  Functions 
b^  Thomas  Muir,  409. 

Synngopora. — The  Structure  and  Re- 
lation of  the  QeaoM  Tabipora  to 
Svrinflopora,  by  Dr.  H.  AUeyne 
Nicholson,  219. 


Index. 


88S 


Tait  (Professor  P.  G.),  Note  on  the 
Temperature  Changes  due  to  Com- 
pression,  51,  217. 

on  some  Effects  of  Rotation  in 

Liquid  Jets,  94. 

Note  on  the  Influence  of  Tem- 


perature-Change of  Conductivity  on 
the  Conduction  of  Heat  in  Solids,  94. 
Note  on  Thermal  Conductivity, 


and  on  the  Effects  of  Temperature- 
Changes  of  Specific  Heat  and  Con- 
ductivity   on    the    Propagation    of 
Plane  Heat  Waves,  126. 

Simple    Method    of    Showing 


the  Diminution  of  Surface  Tension 
in  Water  by  Heat,  131. 

Note  on  a  Singular  Problem  in 


Kinetics,  173. 

on  some  Space- Loci,  197. 

on  the  Pressure-Errors  of  the 


** Challenger"  Thermometers,  199. 
on  the  Crushing  of  Glass  by 


Pressure,  204. 

Note  on  a  Proposition  in  the 


Theory  of  Numbers,  245. 

on  the  Compression  of  Gases 


by  High  Pressures,  293. 

on  Quaternion  Integration,  293. 

on    Mirage    (Abstract),    354 ; 


Part  II.,  743  ;  Part  III.,  798. 

Optical  Notes  (1)  on  a  Singular 


Phenomenon  produced  by  some  Old 
Window-Panes,  418;  (2)  On  the 
Nature  of  the  Vibrations  in  Common 
Light,  419. 

His  Address  on  Presenting  the 


Keith  Prize  to  Professor  Chrystal, 
797. 

Kinetic  Theory  of  Gases  in  re* 


lation  to  Dissociation,  806. 

Note  on  the  Lowering  of  the 


Maximum  Density  Point  of  Water 

by  Pressure,  813. 
Tennent  (Robert)  on  the  Motion  of  a 

Storm    in    an    Easterly    Direction 

being  only  possible  as  a  Circular 

Atmospheric  Wave,  209. 
Tetra-Benzyl-Phosphonium,  46 ;  Chlo- 
ride of,  47  ;  Acid  Sulphate  of,  48 ; 

Hydrate  of,  49. 
Textularia  asperaf  715. 
Trametes  Socotrana^  a  New  Fungus, 

466. 
Theel  (Dr.  Hialmar),  Report  on  the 

Holothurioidea  of  the  Faroe  Chimnel, 

694. 
Thermal    Conductivity,   by  Professor 

Tait,  126. 
Thermo- Dynamic  Acceleration  of  the 

Earth's  Rotation,  by  Sir  William 

Thomson,  396. 


Thermometers.  —  Pressure  -  Errors    of 

the    ''Challenger"    Thermometers, 

by  Professor  Tait,  199. 
Thioformanilid,  The  Action  of  Heat 

on,  by  W.  W.  J.  Nicol,  199. 
Thomson  (Dr.  Allen)  contributes  an 

Obituary  Notice   of  Dr.    William 

Sharpey,  110. 
(William),  M. A.,  B.Sc,  elected 

a  Fellow  of  the  Society,  598. 

(Sir    William),     Hon.    Vice- 


President,  Effect  of  Moistening  with 
Water  the  opposed  Metallic  Surfaces 
in  a  Volta-Condenser,  and  of  substi- 
tuting a  Water  Arc  for  a  Metallic  Arc 
in  the  Determining  Contact,  135. 

on  Vortex  Sponge,  135. 

on  the  Average  Pressure  due  to 


Impulse  of  Vortex-Rings  on  a  Solid, 
204. 

on  the  Thermo-Dvnamic  Ac- 


celeration of  the  Earth's  Rotation, 
396. 

on  the  Figures  of  Equilibrium 

of  a  Rotating  Mass  of  Fluid,  610. 

TiliaceoB  Socotrenses,  504. 

Tizard  (Staff-Commander)  and  John 
Murray,  Exploration  of  the  Faroe 
Channel,  during  the  Summer  of 
1880,  in  the  **  Knight  Errant,"  638. 

Todd  (D.  P.),  Letter  as  to  his  Search 
for  a  Trans-Neptunian  Planet,  91. 

Traill  (William),  Report  as  to  Boulders 
in  North  Ronaldsnay,  746. 

Traquair(Dr.  R.  H.),  Additional  Re- 
searches on  the  Structure  of  the 
PalaeoniscidsB  and  Platysomidae,  217. 

Additional    Fossil    Fishes    of 

Eskdale  and  Liddesdale,  603. 

Triethyl-phosphine,  41. 

phosphorus  -  betaine,  Ethyl- 
chlorate  of,  42  ;  Ethyl-bromate  and 
Ethyl-iodate  of,  43 ;  Action  of  Heat 
on  Compounds  of,  43;  Hydrochlorate 
of,  43  ;  Sulnhate  of,  45. 

methyl-phosphonium,  45. 


Ttibipora  musica :  Ijie  Structure  of  its 
Skeleton,  and  the  Relation  of  the 

fenus  Tubipora  to  Syringopora,  by 
^r.  H.  Alleyne  Nicholson,  219. 
Tunicata  of  the  **  Challenger  "  Expedi- 
tion,   by    Dr.    W.    A.    Herdman. 

Part  III.  CynthiadsB,  52;  Part  IV. 

Molgulidse,  238. 
Turgite,  549. 
Turner  (Professor)  on  a  Specimen  of 

Sowerby's  Whale  {Meaoplodon  bidma), 

captured  in  Shetland,  443. 
on  a  Specimen  of  Balcenoptera 

borealis  or  kUieeps,  captored  in  the 

Firth  of  Forth,  515. 


884 


Index. 


Ultra-Neptunian  Planet,  by  Professor 

George  Forbes,  89. 
UmbellifercB  Soeotrenses,  518. 

ValerianaeoB  Socotrenses^  887. 

Vapour  always  Condenses  in  the  Atmo- 
sphere on  a  Solid  Nucleus,.  15. 

Verrucariece  Socotrensea,  471. 

Vertigo,  A  Case  of,  by  Professor  Crura 
Brown,  594. 

Vibrations  in  Common  Light,  by  Pro- 
fessor Tait,  419. 

Vince  (Professor),  His  Two  Cases  of 
Unusual  Atmospheric  Refraction,  by 
Edward  Sang,  581. 

Vocalisation  and  Articulation,  by  the 
Rev.  J.  L.  Blake,  815. 

Voioe-Effort  and  Rhythm,  by  the 
Rev.  J.  L.  Blake,  798. 

Vortex-Rings. — On  the  Average  Pres- 
sure due  to  Impulse  of  Vortex- 
Rings  on  a  Solid,  by  Sir  William 
Thomson,  204. 

Vortex-Sponge,  by  Sir  William  Thom- 
son, 185. 

Wallace. — Report  as  to  Boulders  near 
Inverness,  751. 


Water,  Colour  of,  by  Jchn  Aitkn, 

472. 
the  Lowering  of  its  Maximum 

Density-Point  by  Preasure,  by  Pro- 
fessor D.  H.  Marahall,  C.  H.  &nith, 

and  R.  T.  Omond,  626,  809. 
Wenley   (J.  A.),   elected  a  Fellow  of 

the  Society,  815. 
Whitehead  (Walter)  elected  a  Fellow 

of  the  Society,  188. 
Wires. — Effect  of  Elongation  on  Ee- 

sistance  of  Wires,  by  T.  Gray,  33. 
Wise  (Dr.  T.  A.)  re-elected  a  Fellow 

of  the  Society  14. 
Witch's  Stone  Boulder,  266. 
Witkowski    (M.    Auf;ustX   Effects  of 

Strain    on    Electnc  CondnctiTity, 

135. 
Wood  (Dr.  Andrew),  F.Ra.E.,  Obi- 

tuary  Notice  of,  888. 
Wy  ville  Thomson  Ridge  in  the  Faroe 

Channel,  648. 
Young  (Andrew)  elected  a  Fellow  of 

the  Socie^,  361. 
Young  (F.  W. )  elected  a  Fellow  of  the 

Society,  637. 
Young' (Thomas    Graham)    elected    a 

Fel£>w  of  the  Society  598. 


NULL  AHD  OOXPANT,  IDIHBirBOH, 
QOX'ikfi.^UL^'t  ^jCy^¥L  HHD  LAW  PRUIXIE8  VOB  SOOCLAMV 


ON    OF 

|3F  SOCIETY.— II.  SOCIETY.— III.  DECREASE. 


TE  PARTITION  URTITION  TO  CLASS  III. 


USE  BY  CLASS  BY  CLASS  IIL 


KESULT-CLAS 

t-OLABS  ni 

i 

i 

/ 

m' 


9f 


VOL  XI    PLAff  ■ 


Fig.l, 


SECTION    FROM   C  IN   MAP  PLATt  I 

ON  A  LINE  TOWARDS  THE  SOUTH 

FOR  ABOUT  ISO  YARDS 


1x4 


1 


